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1
PROCESS FOR PREPARING CHIRAL
COMPOUNDS

This application is a divisional application of U.S. Ser. No.
12/671,752 filed Feb. 1, 2011, which is a 371 application of
PCT/1B2008/002016 filed on Jul. 23, 2008, which claims
benefit of provisional application U.S. Ser. No. 60/953,725
filed on Aug. 3, 2007, all of which are incorporated herein by
reference in their entirety.

BACKGROUND OF THE INVENTION

The present invention is directed to a 2-deoxyribose-5-
phosphate aldolase (DERA) chemoenzymatic process for
making chiral compounds.

The use of DERA (deoxyribose aldolase) family of aldo-
lases in chemoenzymatic processes has been described. See
U.S. Pat. No. 5,795,749, WO 03/006656, WO 2004/027075,
WO 2005/012246; Gijsen, H. J. M., et al. JACS, 1994, 116,
8422-8423; Gijsen, H. J. M, et al., JACS, 1995, 117, 7585-
7591; Greenberg, W. A., et al., PNAS, 2004, 101, 5788-5793,
U.S. Pat. No. 6,964,863 and Biotechonol J, 101, pgs 537-548
(2006). However, some of the processes provided poor over-
all yield as well as a mixture of products. In addition, the
processes were limited to specific substrates. Accordingly,
there exists a need in the art for a chemoenzymatic process
that is effective and efficient for alternative substrates.

SUMMARY OF THE INVENTION

The present invention relates to a process comprising the
step of reacting acetaldehyde with an N-protected aminoal-
dehyde substrate selected from the group consisting of 3-ph-
thalimidopropionaldehyde, N-formyl-3-aminopropionalde-
hyde, 3-succinimido-propionaldehyde or N-diBoc-3-
aminopropionaldehyde under aldolase-catalyzed aldol
condensation conditions to form the corresponding lactol.

The present invention also relates to a process wherein said
aldolase is a 2-deoxyribose-5-phosphate aldolase (DERA)
aldolase.

The present invention also relates to a process wherein said
aldolase is DERA 04 comprising a nucleotide sequence of
SEQ ID NO: 2 or an amino acid sequence of SEQ ID NO: 17;

DERA 06 comprising a nucleotide sequence of SEQ ID
NO: 3 or an amino acid sequence of SEQ ID NO: 18;

DERA 101 comprising a nucleotide sequence of SEQ ID
NO: 8 or an amino acid sequence of SEQ ID NO: 23;

DERA 102 comprising a nucleotide sequence of SEQ ID
NO: 9 or an amino acid sequence of SEQ ID NO: 24;

DERA 103 comprising a nucleotide sequence of SEQ ID
NO: 10 or an amino acid sequence of SEQ ID NO: 25;

DERA 104 comprising a nucleotide sequence of SEQ ID
NO: 11 or an amino acid sequence of SEQ ID NO: 26;

DERA 105 comprising a nucleotide sequence of SEQ ID
NO: 12 or an amino acid sequence of SEQ ID NO: 27;

DERA 106 comprising a nucleotide sequence of SEQ ID
NO: 13 or an amino acid sequence of SEQ ID NO: 28;

DERA 107 comprising a nucleotide sequence of SEQ ID
NO: 14 or an amino acid sequence of SEQ ID NO: 29;

DERA 108 comprising a nucleotide sequence of SEQ ID
NO: 15 or an amino acid sequence of SEQ ID NO: 30;

or an aldolase having an amino acid sequence identity of at
least about 20% thereof.

More specifically, the present invention also relates to a
process wherein said aldolase is DERA 04 comprising a
nucleotide sequence of SEQ ID NO: 2 or an amino acid
sequence of SEQ ID NO: 17; DERA 06 comprising a nucle-
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2

otide sequence of SEQ ID NO: 3 or an amino acid sequence
of SEQ ID NO: 18 or DERA 102 comprising a nucleotide
sequence of SEQ ID NO: 9 or an amino acid sequence of SEQ
ID NO: 24.

More specifically, the present invention also relates to a
process wherein said aldolase is DERA 04 comprising a
nucleotide sequence of SEQ ID NO: 2 or an amino acid
sequence of SEQ ID NO: 17.

More specifically, the present invention also relates to a
process wherein said aldolase is DERA 102 comprising a
nucleotide sequence of SEQ ID NO: 9 or an amino acid
sequence of SEQ ID NO: 24.

The present invention also relates to a process wherein said
N-protected aminoaldehyde substrate is 3-phthalimidopropi-
onaldehyde.

The present invention also relates to a process wherein said
N-protected aminoaldehyde substrate is N-formyl-3-amino-
propionaldehyde or 3-succinimido-propionaldehyde.

The present invention also relates to a process wherein said
N-protected aminoaldehyde substrate is N-diBoc-3-amino-
propionaldehyde.

The present invention relates to a process comprising the
step of:

(a) reacting an aldehyde with an N-protected aminoalde-
hyde substrate selected from the group consisting of 3-ph-
thalimidopropionaldehyde, N-formyl-3-aminopropionalde-
hyde, 3-succinimido-propionaldehyde or N-diBoc-3-
aminopropionaldehyde under aldolase-catalyzed aldol
condensation conditions to form the corresponding lactol;

(b) oxidizing the lactol so formed to yield the correspond-
ing lactone;

(c) reacting the lactone so formed with isopropyl alcohol
and acetone under acidic catalysis to yield the corresponding
isopropyl acetonide ester;

(d) treating the isopropy! acetonide ester so formed with a
base to yield the corresponding amino acetonide isopropyl
ester.

The present invention relates to a process comprising the
step of:

(a) reacting an aldehyde with an N-protected aminoalde-
hyde substrate selected from the group consisting of 3-ph-
thalimidopropionaldehyde, N-formyl-3-aminopropionalde-
hyde, 3-succinimido-propionaldehyde or N-diBoc-3-
aminopropionaldehyde under aldolase-catalyzed aldol
condensation conditions to form the corresponding lactol;

(b) oxidizing the lactol so formed to yield the correspond-
ing lactone;

(c) reacting the lactone so formed with cyclopentanone to
yield the corresponding cyclopentylidene phthalimido iso-
propyl ester; and

(d) treating the cyclopentylidene phthalimido isopropyl
ester so formed with base to yield the corresponding amino
cyclopentylidene isopropy! ester.

The present invention relates to a process comprising the
steps of:

(a) reacting an aldehyde with an N-protected aminoalde-
hyde substrate selected from the group consisting of 3-ph-
thalimidopropionaldehyde, N-formyl-3-aminopropionalde-
hyde, 3-succinimido-propionaldehyde or N-diBoc-3-
aminopropionaldehyde under aldolase-catalyzed aldol
condensation conditions to form the corresponding lactol;

(b) dehydrogenating the lactol so formed under catalytic
dehydrogenation conditions to yield the corresponding hep-
tanoic acid;

(c) treating said 3,5-dihydroxyheptanoic acid so formed
with dicyclohexylamine to form the corresponding salt;
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(d) reacting the salt so formed with triisopropyl orthofor-
mate and acetone under acidic catalysis to yield the corre-
sponding isopropyl acetonide ester; and

(e) treating the isopropyl acetonide ester so formed with
base to yield the corresponding amino dicyclohexylamine
isopropyl ester.

The present invention relates to a process comprising the
steps of:

(a) reacting an aldehyde with an N-protected aminoalde-
hyde substrate selected from the group consisting of 3-ph-
thalimidopropionaldehyde, N-formyl-3-aminopropionalde-
hyde, 3-succinimido-propionaldehyde or N-diBoc-3-
aminopropionaldehyde under aldolase-catalyzed aldol
condensation conditions to form the corresponding lactol;

(b) oxidizing the lactol so formed to yield the correspond-
ing 3,5-dihydroxyheptanoic acid;

(c) treating said 3,5-dihydroxyheptanoic acid with dicyclo-
hexylamine to form the corresponding salt; and

(d) reacting the salt so formed with triisopropyl orthofor-
mate to yield the corresponding isopropyl acetonide ester;
and

(e) treating the isopropyl acetonide ester so formed with
base to yield the corresponding amino acetonide isopropyl
ester.

The present invention relates to a process comprising the
step of reacting an aldehyde with an aminoaldehyde substrate
or an N-protected aminoaldehyde substrate under DERA
101, DERA 102, DERA 103, DERA 104, DERA 105, DERA
106, DERA 107 or DERA 108 aldolase-catalyzed aldol con-
densation conditions to form the corresponding lactol.

The present invention also relates to a process wherein said
aminoaldehyde or said N-protected aminoaldehyde is N-Boc-
3-aminopropionaldehyde, 3-aminopropionaldehyde, ami-
noacetaldehyde, N—CBz-3-aminopropionaldehyde,
N-acetyl-3-aminopropionaldehyde, N-Fmoc-3-aminopropi-
onaldehyde, or N-Fmoc-aminoacetaldehyde.

More specifically, the present invention also relates to a
process wherein said N-protected aminoaldehyde is N-Boc-
3-aminopropionaldehyde

More specifically, the present invention also relates to a
process wherein said aminoaldehyde or said N-protected
aminoaldehyde is N-—CBz-3-aminopropionaldehyde or
N-Fmoc-3-aminopropionaldehyde.

More specifically, the present invention also relates to a
process wherein said aminoaldehyde or said N-protected
aminoaldehyde is N—CBz-3-aminopropionaldehyde.

The present invention also relates to a process wherein said
aldolase is DERA 102.

The present invention relates to a process comprising the
step of reacting an aldehyde with an aminoaldehyde substrate
or an N-protected aminoaldehyde substrate under DERA
101, DERA 102, DERA 103, DERA 104, DERA 105, DERA
106, DERA 107 or DERA 108 aldolase-catalyzed aldol con-
densation conditions to form the corresponding lactol, and
oxidizing the lactol so formed to yield the corresponding
lactone.

The present invention relates to a process comprising the
steps of:

(a) reacting an aldehyde with an aminoaldehyde substrate
or an N-protected aminoaldehyde substrate under DERA
101, DERA 102, DERA 103, DERA 104, DERA 105, DERA
106, DERA 107 or DERA 108 aldolase-catalyzed aldol con-
densation conditions to form the corresponding lactol;

(b) dehydrogenating the lactol so formed under catalytic
dehydrogenation conditions to yield the corresponding 3,5-
dihydroxyheptanoic acid;
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(c) treating said 3,5-dihydroxyheptanoic acid so formed
with dicyclohexylamine to form the corresponding salt; and

(d) reacting the salt so formed with triisopropyl orthofor-
mate to yield the corresponding isopropyl acetonide ester.

The present invention relates to a process comprising the
steps of:

(a) reacting an aldehyde with an aminoaldehyde substrate
or an N-protected aminoaldehyde substrate under DERA
101, DERA 102, DERA 103, DERA 104, DERA 105, DERA
106, DERA 107 or DERA 108 aldolase-catalyzed aldol con-
densation conditions to form the corresponding lactol;

(b) oxidizing the lactol so formed to yield the correspond-
ing 3,5-dihydroxyheptanoic acid;

(c) treating said 3,5-dihydroxyheptanoic acid with dicyclo-
hexylamine to form the corresponding salt; and

(d) reacting the salt so formed with triisopropyl orthofor-
mate to yield the corresponding isopropyl acetonide ester.

The present invention relates to a process comprising the
step of reacting an aldehyde with an aminoaldehyde substrate
compound of the general formula (I):

O
(€]
R"R'N )]\
Semyy” H
wherein:
n=1,2,3 or4;
R' is hydrogen or an N-protecting group;

R" is hydrogen or an N-protecting group; or R' and R"
taken together with nitrogen to which they are attached form
a 5- or 6-membered heterocyclic moiety,

under DERA 101, DERA 102, DERA 103, DERA 104,
DERA 105, DERA 106, DERA 107 or DERA 108 aldolase-
catalyzed aldol condensation conditions to form the corre-
sponding lactol.

The present invention also relates to the compound 2-[2-
(4,6-Dihydroxy-tetrahydro-pyran-2-yl]-isoindole-1,3-dione.

More specifically, the present invention also relates to a
compound of the formula

S
jus)

More specifically, the present invention also relates to a
compound of the formula

OH
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The present invention also relates to the compound of the
formula

e}

oo, “oH

¢}

The present invention also relates to the compound of the
formula

The present invention also relates to the compound of the
formula

0 OH OH O

N /\WOH.

OO

The present invention also relates to the compound of the

formula

AN

E
(6]

The present invention also relates to the compound of the
formula
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The present invention also relates to the compound of the
formula

C&&Mk

The present invention also relates to the compound of the
formula

O (6] (€]

o AN

The present invention also relates to the compound of the
formula

The present invention relates to a crystalline form of
4-fluoro-alpha-[2-methyl-1-oxopropyl]-gamma-oxo-N,
beta-diphenylbenzenebutanamide characterized as having
powder X-ray diffraction peaks of about 9.0, 12.7,20.2, 22.6,
and 25.2 degrees two-theta.

The present invention relates to a crystalline form of (2R-
trans)-5-(4-fluorophenyl)-2-(1-methylethyl)-N,4-diphenyl-
1-[2-(tetrahydro-4-hydroxy-6-0x0-2H-pyran-2-yl)ethyl]-
1H-pyrrole-3-carboxamide characterized as having powder
X-ray diffraction peaks of about 6.3,12.7,16.8,21.1 and 25.5
degrees two-theta.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is an experimental powder X-ray diffraction pattern
for 4-fluoro-alpha-|2-methyl-1-oxopropyl]-gamma-oxo-N,
beta-diphenylbenzenebutanamide. The scale of the abscissa
is degrees two-theta. The ordinate is the intensity of the
counts.

FIG. 2 is the differential scanning calorimetry (DSC) ther-
mogram  for  4-fluoro-alpha-[2-methyl-1-oxopropyl]-
gamma-oxo-N, beta-diphenylbenzenebutanamide.
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FIG. 3A is the infrared (FTIR) spectrum for 4-fluoro-
alpha-[2-methyl-1-oxopropyl]-gamma-oxo-N, beta-diphe-
nylbenzenebutanamide showing reflectance wavenumbers
from 3500 to 1000 cm™".

FIG. 3B is the infrared (FTIR) spectrum for 4-fluoro-al-
pha-[2-methyl-1-oxopropyl]-gamma-oxo-N, beta-diphenyl-
benzenebutanamide showing reflectance wavenumbers from
2000 to 800 cm™".

FIG. 4A is the Raman spectrum for 4-fluoro-alpha-[2-
methyl-1-oxopropyl]-gamma-oxo-N, beta-diphenylben-
zenebutanamide showing absorbance wavenumbers from
3500 to 500 cm™.

FIG. 4B is the Raman spectrum for 4-fluoro-alpha-[2-me-
thyl-1-oxopropyl]-gamma-oxo-N, beta-diphenylbenzenebu-
tanamide showing absorbance wavenumbers from 2000 to
200 cm™".

FIG. 5 is an experimental powder X-ray diffraction pattern
for  (2R-trans)-5-(4-fluorophenyl)-2-(1-methylethyl)-N,4-
diphenyl-1-[2-(tetrahydro-4-hydroxy-6-oxo-2H-pyran-2-yl)
ethyl]-1H-pyrrole-3-carboxamide. The scale of the abscissa
is degrees two-theta. The ordinate is the intensity of the
counts.

FIG. 6 is the differential scanning calorimetry (DSC) ther-
mogram for (2R-trans)-5-(4-fluorophenyl)-2-(1-methyl-
ethyl)-N,4-diphenyl-1-[2-(tetrahydro-4-hydroxy-6-oxo-2H-
pyran-2-yl)ethyl]-1H-pyrrole-3-carboxamide.

FIG. 7A is the infrared (FTIR) spectrum for (2R-trans)-5-
(4-fluorophenyl)-2-(1-methylethyl)-N,4-diphenyl-1-[ 2-(tet-
rahydro-4-hydroxy-6-oxo-2H-pyran-2-yl)ethyl]-1H-pyr-
role-3-carboxamide showing reflectance wavenumbers from
3500 to 1000 cm™.

FIG. 7B is the infrared (FTIR) spectrum for (2R-trans)-5-
(4-fluorophenyl)-2-(1-methylethyl)-N,4-diphenyl-1-[ 2-(tet-
rahydro-4-hydroxy-6-oxo-2H-pyran-2-yl)ethyl]-1H-pyr-
role-3-carboxamide showing reflectance wavenumbers from
2000 to 800 cm™".

FIG. 8A is the Raman spectrum for (2R-trans)-5-(4-fluo-
rophenyl)-2-(1-methylethyl)-N,4-diphenyl-1-[2-(tetrahy-
dro-4-hydroxy-6-ox0-2H-pyran-2-yl)ethyl]-1H-pyrrole-3-
carboxamide showing absorbance wavenumbers from 3500
to 500 cm™".

FIG. 8B is the Raman spectrum for (2R-trans)-5-(4-fluo-
rophenyl)-2-(1-methylethyl)-N,4-diphenyl-1-[2-(tetrahy-
dro-4-hydroxy-6-ox0-2H-pyran-2-yl)ethyl]-1H-pyrrole-3-
carboxamide showing absorbance wavenumbers from 2000
to 200 cm™".

DETAILED DESCRIPTION OF THE INVENTION
Definitions

Unless indicated otherwise, the following terms are
defined as follows:

The article “a” or “an” as used herein refers to both the
singular and plural form of the object to which it refers.

The term “aldolase-catalyzed aldol condensation condi-
tions” as used herein refers to any aldol condensation condi-
tions known in the art that can be catalyzed by an aldolase, as
described herein.

The aldehyde for use in the present invention may be any
aldehyde that will undergo an aldol condensation with a sub-
strate, as described herein, in the presence of an aldolase, as
described herein. An example of suitable aldehyde is, but is
not limited to, acetaldehyde.

A substrate for use in the present invention may be any
aminoaldehyde or N-protected aminoaldehyde. Such an ami-
noaldehyde or N-protected aminoaldehyde will react with an
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8

aldehyde under aldolase-catalyzed aldol condensation condi-
tions, each as described herein.

Suitable N-protecting groups for the aminoaldehyde
include, but are not limited to, phthalimido, N-formyl, suc-
cinimdo, di-butoxycarbonyl (di-Boc), benzyloxycarbonyl
(CBz), butoxycarbonyl (Boc), 9-fluorenylmethoxycarbonyl
(Fmoc), benzyl, and dibenzyl.

Examples of a suitable aminoaldehyde substrate include,
but are not limited to:

0
/\)k H
LN H, HZN/W ,

3-Amino- Y
propionaldehyde
Amino-
acetaldehyde
e}

Ph o N /\)k H,
\/ \”/
¢}
N-CBz-3- Aminopropionaldehyde
e} e} e} e}
)k N /\)J\ Hoo )k N /\)J\ m
H H

N-Formyl-3-
Aminopropionaldehyde

N-acetyl-3-
Aminopropionaldehyde

S AL

N-Boe-3-Aminopropionaldehyde

9

N-Fmoe-3-Aminopropionaldehyde
e}
)]\ H’
O N
H
e}

N-Fmoc-acetaldehyde

! /\)k
N H and

O

3-Succinimido-propionaldehyde
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-continued
O O
ﬁ\ O)I\ N /\)k -
r O

N-diBoc-3-Aminopropionaldehyde

In one embodiment of the invention, the aminoaldehyde
substrate is 3-phthalimidopropionaldehyde, N-formyl-3-
aminopropionaldehyde, N-Boc-3-aminopropionaldehyde,
3-succinimido-propionaldehyde or N-diBoc-3-aminopropi-
onaldehyde. In another embodiment of the invention, the
aminoaldehyde substrate is N—CBz-3-aminopropionalde-
hyde or N-Fmoc-3-aminopropionaldehyde. In another
embodiment of the invention, the aminoaldehyde substrate is
3-amino-propionaldehyde. In another embodiment of the
invention, the aminoaldehyde substrate is amino-acetalde-
hyde. In another embodiment of the invention, the aminoal-
dehyde substrate is N—CBz-3-aminopropionaldehyde (com-
mercially available from Aldrich). In another embodiment of
the invention, the aminoaldehyde substrate is N-acetyl-3-
aminopropionaldehyde. In another embodiment of the inven-
tion, the aminoaldehyde substrate is N-Fmoc-3-aminopropi-
onaldehyde.

Both N-Fmoc-aminoaldehydes were obtained via standard
Dess-Martin oxidation of the corresponding N-Fmoc ami-
noalcohol.

The N-acetyl-3-aminopropionaldehyde was obtained from
3-amino-1-propanol by a two step procedure: N-acetylation
of the 3-amino-1-propanol by methyl actetate followed by
Dess-Martin oxidation to give the desired product with the
correct ESI-MS [M+H]" 116.25 and [M+Na]* 138.20.

An aldolase for use in the present invention may be any
enzyme that has aldolase activity towards an aminoaldehyde
substrate, N-protected aminoaldehyde substrate, or pyrrole
aldehyde substrate, each as described herein. In one embodi-
ment of the invention, the aldolase is a 2-deoxyribose-5-
phosphate aldolase (DERA). Examples of a suitable DERA
aldolase include, but are not limited to:

DERA 03 (E. coli) (commercially available from Sigma
Aldrich, St. Louis, Mo.);

DERA 04 (William A. Greenberg, et al., PNAS, (2004),
Vol. 101, No. 16, pp. 5788-5793 or a modified version
thereof);

DERA 06 (GenBank Accession NP_ 294929 or a modified
version thereof);

DERA 08 (GenBank Accession NP_ 465519 or a modified
version thereof);

DERA 11 (GenBank Accession NP_ 439273);

DERA 12 (GenBank Accession NP__229359);

DERA 15 (Haruhiko Sakuraba, et al., Journal of Biological
Chemistry (2003), Vol. 278, No. 12, pp 10799-10806);

DERA 101 (GenBank Accession NP__906068.1 ora modi-
fied version thereof);

DERA 102 (GenBank Accession NP__813976.1 ora modi-
fied version thereof);

DERA 103 (GenBank Accession NP_01130044.1 or a
modified version thereof);

DERA 104 (GenBank AccessionYP_924715.1 or a modi-
fied version thereof);
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DERA 105 (GenBank Accession YP__148352.1 or a modi-
fied version thereof);

DERA 106 (GenBank Accession NP_471437.1 or amodi-
fied version thereof);

DERA 107 (GenBank Accession NP_ 242218.1 or amodi-
fied version thereof); and

DERA 108 (GenBank Accession ZP_00875069.1 or a
modified version thereof).

In one embodiment of the invention, the aldolase is an
aldolase having an amino acid sequence identity of at least
about 20% thereof; preferably, at least 70% thereof, to a
DERA aldolase described herein. In one embodiment of the
invention, the DERA aldolase is DERA 04, DERA 06 or
DERA 102. In one embodiment of the invention, the DERA
aldolase is DERA 102.

According to the invention, DERA 03, DERA 04, DERA
06, DERA 08, DERA 11, DERA 12, DERA 15, DERA 101,
DERA 102, DERA 103, DERA 104, DERA 105, DERA 106,
DERA 107 and DERA 108 are identified by their nucleotide
sequences and amino acid sequences set forth in Examples
1-30.

More specifically, DERA 03 is an aldolase having a nucle-
otide sequence of SEQ ID NO: 1 and an amino acid sequence
of SEQ ID NO: 16.

DERA 04 is an aldolase having a nucleotide sequence of
SEQ ID NO: 2 and an amino acid sequence of SEQ ID NO:
17.

DERA 06 is an aldolase having a nucleotide sequence of
SEQ ID NO: 3 and an amino acid sequence of SEQ ID NO:
18.

DERA 08 is an aldolase having a nucleotide sequence of
SEQ ID NO: 4 and an amino acid sequence of SEQ ID NO:
19.

DERA 11 is an aldolase having a nucleotide sequence of
SEQ ID NO: 5 and an amino acid sequence of SEQ ID NO:
20.

DERA 12 is an aldolase having a nucleotide sequence of
SEQ ID NO: 6 and an amino acid sequence of SEQ ID NO:
21.

DERA 15 is an aldolase having a nucleotide sequence of
SEQ ID NO: 7 and an amino acid sequence of SEQ ID NO:
22.

DERA 101 is an aldolase having a nucleotide sequence of
SEQ ID NO: 8 and an amino acid sequence of SEQ ID NO:
23.

DERA 102 is an aldolase having a nucleotide sequence of
SEQ ID NO: 9 and an amino acid sequence of SEQ ID NO:
24.

DERA 103 is an aldolase having a nucleotide sequence of
SEQ ID NO: 10 and an amino acid sequence of SEQ ID NO:
25.

DERA 104 is an aldolase having a nucleotide sequence of
SEQ ID NO: 11 and an amino acid sequence of SEQ ID NO:
26.

DERA 105 is an aldolase having a nucleotide sequence of
SEQ ID NO: 12 and an amino acid sequence of SEQ ID NO:
27.

DERA 106 is an aldolase having a nucleotide sequence of
SEQ ID NO: 13 and an amino acid sequence of SEQ ID NO:
28.

DERA 107 is an aldolase having a nucleotide sequence of
SEQ ID NO: 14 and an amino acid sequence of SEQ ID NO:
29.

DERA 108 is an aldolase having a nucleotide sequence of
SEQ ID NO: 15 and an amino acid sequence of SEQ ID NO:
30.
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The DERA aldolases described herein can be prepared by
any means known in the art, including but not limited to
standard protocols for protein expression in recombinant £.
coli (Sambrook and Russell, Molecular Cloning: A Labora-
tory Manual, 3" Ed., Cold Spring Harbor, N.Y. 2001). As
would be understood by one of skill in the art, modified
versions of known DERA aldolases may be necessary or may
result depending on cloning conditions and are encompassed
by the present invention.

The following Schemes illustrate the present invention.
Preparation A
(0]
(€]
N —
N "
6]
fo) O
N//N\\“//u\\H
(6]

In Preparation A, 3-phthalimidopropionaldehyde is pre-
pared by reacting phthalimide with acrolein in the presence of
benzyltrimethyl ammonium hydroxide (Triton-B). The reac-
tion is stirred at a temperature between about 53° C. to about
67.5° C., preferably about 60° C., for a time period between
about 30 minutes to about 3 hours, preferably about 90 min-
utes.

Preparation B

e}

o/
/JL\ ' //\\V//L\ ___>

H 0//A\\‘ LN o’//

0 o// -
H/JL\N//\\\//J\\O//

it
0 0
H/JL\N//\\V/JL\H
it

In Preparation B, N-formyl-3-aminopropionaldehyde is
prepared by reacting ethyl formate with 1-amino-3,3-
dimethoxypropane and treating the amide so formed with
acid.

Preparation C

~
O (BOC),0

HZN/\)\ O/
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-continued

S =
S

In Preparation C, N-Boc-3-aminopropionaldehyde is pre-
pared by reacting 1-amino-3,3-dimethoxypropane with BOC
anhydride and treating the amide so formed with acid.

Preparation D

o
(BOC),0
/\)\
DMAP
H,N o

S
DO

LA

z

In Preparation D, N-di-Boc-3-aminopropionaldehyde is
prepared by reacting 1-amino-3,3-dimethoxypropane with
BOC anhydrdride in the presence of 4-di(methylamino)pyri-
dine and treating the amide so formed with acid.

Preparation E

3-succinimidopropionaldehyde

Acrolein is added to a solution of succinimide in the pres-
ence of catalytic sodium ethoxide and a polar protic solvent,
such as ethanol. The reaction mixture is stirred at a tempera-
ture between about 10° C. to about 40° C., preferably about
20-30° C., for a time period between about 20 hours to about
60 hours, preferably about 48 hours.
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Scheme 1
OH O
Q it 0 0 0 0
/\)I\ Acetaldehyde(2 equiv.) ., oxidation .,
N H — N “oH ———— N “OH
(0] 0 (0]
A B
Cat. dehydrogenation
or oxidation
o) OH OH e}
/\/'\/'\)J\ ; T ' i
T ot /M
N OH
(¢}
¢}
H c
D
o o><o 0 ><
M )\ 9 9 Q
1 ? /\/'\/'\)J\ J\
HN O

Scheme 1 describes in general a process encompassed by
the present invention. As set forth in Scheme 1, a DERA
aldolase catalyzes two sequential aldol condensation reac-
tions between 3-phthalimidopropionaldehyde and 2 mol of
acetaldehyde in the presence of other suitable solvents such as
methyl tert-butyl ether (MTBE) and water to yield the pro-
tected desired amino-lactol (A). Suitable DERA aldolases
include, but are not limited to, DERA 04, DERA 06, DERA
101, DERA 102, DERA 104, DERA 105, DERA 106,
DERA107 and DERA 108, preferably DERA 04 and DERA
102. The acetaldehyde is added to the mixture of 3-phthal-
imidopropionaldehyde and DERA aldolase over a time
period between about 7 hours to about 12 hours, preferably
about 10 hours. The mixture so formed is further stirred at a
temperature between about 15° C. to about 30° C., preferably
about 22° C., for a time period between about 20 hours to
about 60 hours, preferably about 48 hours.

The amino-lactol (A) can undergo catalytic (e.g. platinum
on carbon or palladiumon carbon) dehydrogenation to form
carboxylic acid (C), which can then undergo lactonization to
form (B).

Any catalytic dehydrogenation means known in the art to
convert (A) to (C) are encompassed by the present invention.
Examples of suitable catalysts include, but are not limited to,
Pt/C, Pd/C, Pt/Bi/C, Pd/Bi/C and any other dehydrogenation
catalysts. In one embodiment of the invention, the catalytic
dehydrogenation is performed at about pH 7 to about pH 10
using air or oxygen as terminal oxidant.

Any lactonization means known in the art to convert car-
boxylic acid (C) to lactone (B) are encompassed by the
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present invention including, but not limited to, the use of acid
catalysts such as, but not limited to, hydrochloric acid, sulfu-
ric acid, methanesulfonic acid (MSA), p-toluenesulfonic acid
(TSA) and any other lactonization acids known in the art.
More specifically, the 7-(1,3-Dioxo-1,3-dihydro-isoindo-2-
y1)-3,5-dihydroxy-heptanoic acid (C) is converted to the cor-
responding 2-[2-(4-Hydroxy-6-oxo-tetrahydro-pyran-2-yl]-
isoindole-1,3-dione (B) by treating (C) with anhydrous
hydrochloric acid in the presence of ethyl acetate. The reac-
tion is stirred at room temperature for a time period between
about 1 hour to about 4 hours, preferably about 2-3 hours.
Alternatively, oxidation of the lactol (A) to lactone (B) or
carboxylic acid (C) can be performed by use of any oxidation
means known in the art that will achieve the desired transfor-
mation. More specifically, 2-[2-(4,6-dihydroxy-tetrahydro-
pyran-2-yl]-isoindole-1,3-dione (A) is converted to the cor-
responding 2-[2-(4-hydroxy-6-oxo-tetrahydro-pyran-2-yl]-
isoindole-1,3-dione (B) by oxidizing (A) in the presence of an
oxidizing agent, such as sodium chlorite. The reaction is
stirred at a temperature between about 10° C. to about 30° C.,
preferably about 23° C., for a time period between about 2
hours to about 6 hours, preferably about 4 hours. The 2-[2-
(4,6-dihydroxy-tetrahydro-pyran-2-yl]-isoindole-1,3-dione
(A) can also be converted to the corresponding 7-(1,3-dioxo-
1,3-dihydro-isoindo-2-y1)-3,5-dihydroxy-heptanoic acid (C)
by oxidizing (A) in the presence of an oxidizing agent, such as
sodium chlorite, a phosphate buffer, a polar aprotic solvent,
such as dimethyl sulfoxide, and an alcohol, such as isopro-
panol. The reaction is maintained at room temperature and a
pH between about 5 to about 6 for a time period between
about 2 hours to about 6 hours, preferably about 4 hours.
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The 7-(1,3-dioxo-1,3-dihydro-isoindo-2-y1)-3,5-dihy-
droxy-heptanoic acid (C) is converted to the corresponding
dicyclohexyl amine (DCA) salt (D) by treating (C) with dicy-
clohexyl amine in the presence of ethyl acetate. The DCA salt
(D) is then converted to the phthalimido acetonide isopropyl
ester (E) by reacting (D) with DCM, triisopropyl orthofor-
mate in the presence of acetone and methanesulfonic acid.

The phthalimido acetonide isopropyl ester (E) may also be
prepared by reacting 2-[2-(4-hydroxy-6-oxo-tetrahydro-py-
ran-2-yl]-isoindole-1,3-dione (B) with isopropyl alcohol in
the presence of acetone and methanesulfonic acid (MSA).
The reaction mixture is stirred at room temperature at a pH
between about 1 to about 2, preferably about 1.5, for a time
period between about 20 hours to about 28 hours, preferably
about 24 hours.

The phthalimido acetonide isopropyl ester (E) is depro-
tected to give the corresponding amino acetonide isopropyl
ester (F) by treating (E) with a base, such as primary amine,
i.e. an alkylamine, diamine such as ethylene diamine or an
hydroxylamine, in the presence of a polar protic solvent, such
as methanol. The reaction mixture is stirred at room tempera-
ture for a time period between about 30 minutes to about 4
hours, preferably about 2 hours.

The amino acetonide isopropyl ester (F) can be further
reacted  with  4-fluoro-alpha-[2-methyl-1-oxopropyl]-
gamma-oxo-N, beta-diphenylbenzenebutanamide of formula
I

I

NH

to give the corresponding pyrrole ring containing acetonide
isopropyl ester of formula III below
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According to the invention, as would be understood by one
of skill in the art, the stereoselectivity of the enzymatic step
can be confirmed via chemical preparation of racemic stan-
dards and the development of the related chiral chromato-
graphic methods.

The PXRD pattern for 4-fluoro-alpha-[2-methyl-1-oxo-
propyl]-gamma-oxo-N, beta-diphenylbenzenebutanamide is
shown in FIG. 1.

The main peaks (greater than 13% relative intensity) are
given in Table 1. 4-fluoro-alpha-[2-methyl-1-oxopropyl]-
gamma-oxo-N, beta-diphenylbenzenebutanamide displays
characteristic diffraction peaks at 9.0, 12.7, 20.2, 22.6 and
25.2 degrees two theta+0.1 degree. The DSC thermogram is
shown in FIG. 2. 4-fluoro-alpha-[2-methyl-1-oxopropyl]-
gamma-oxo-N, beta-diphenylbenzenebutanamide shows a
sharp endothermic peak at 213° C.£2° C. The FT-IR spectrum
is illustrated in FIG. 3. The FT-IR peak table is given in Table
2. 4-fluoro-alpha-| 2-methyl-1-oxopropyl]-gamma-oxo-N,
beta-diphenylbenzenebutanamide displays characteristic
peaks at 696, 1492, 1327, 843, 1151 cm™" (in this order). The
FT-Raman spectrum is illustrated in FIG. 4. The FT-Raman
peak table is given in Table 3. 4-fluoro-alpha-[2-methyl-1-
oxopropyl]-gamma-oxo-N,  beta-diphenylbenzenebutana-
mide displays characteristic peaks at 1004, 115, 87,877, 1601
cm™!

Table 1: Main PXRD Peaks for 4-fluoro-alpha-[2-methyl-
1-oxopropyl]-gamma-oxo-N, beta-diphenylbenzenebutana-
mide

TABLE 1

Main PXRD Peaks for 4-fluoro-alpha-[2-methyl-1-oxopropyl]-gamma-
0x0-N, beta-diphenylbenzenebutanamide

Angle Relative
2-Theta (°) Intensity (%)

7.6 22.8

9.0 84.3
11.8 18.4
12.7 93.8
14.7 12.8
16.4 18.5
18.0 41.1
18.8 100.0
18.9 78.0
19.6 19.0
20.2 86.4
20.5 46.6
20.7 31.1
21.1 25.0
22.6 55.9
229 14.2
23.2 14.0
235 17.0
24.0 18.0
24.7 17.5
25.2 543
255 49.2
26.0 23.0
26.9 30.6
27.1 51.8
27.6 13.4
284 20.2
28.5 214
28.7 21.1
28.9 20.0
294 13.3
32.7 17.4
334 27.7
364 13.6
373 13.5
37.8 13.9
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TABLE 1-continued

18
TABLE 3-continued

Main PXRD Peaks for 4-fluoro-alpha-[2-methyl-1-oxopropyl]-gamma-
oxo-N, beta-diphenylbenzenebutanamide

Angle Relative
2-Theta (°) Intensity (%)
38.6 203
394 13.6
39.8 13.9

TABLE 2

FT-IR Peaks for 4-fluoro-alpha-[2-methyl-1-oxopropyl]-
gamma-oxo-N, beta-diphenylbenzenebutanamide
Wavenumber (cm ™)

3290w*
3083w
3025w
2969w
2927w
2871w
1720m
1683m
1649s
1594m
1546m
1506w
1492m
1466w
1448m
1407w
1381m
1327m
1279m
1227m
1207m
1174w
1151m
1099w
1037w
1012w
992m
875w
843m
809w
754s
736w
6965
683w

Experimental error is +2 cm™! (w: weak, m: medium, s: strong)

TABLE 3

FT-Raman Peaks for 4-fluoro-alpha-[2-methyl-1-oxopropyl]-
gamma-oxo-N, beta-diphenylbenzenebutanamide
Wavenumber (cm ™)

3301w*
3084s
3069s
3060m
3042w
2975w
2938w
2918w
2871w
1722w
1684s
1652w
1601s
1546w
1449w
1352w
1330w
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FT-Raman Peaks for 4-fluoro-alpha-[2-methyl-1-oxopropyl]-
gamma-oxo-N, beta-diphenylbenzenebutanamide
Wavenumber (cm™?)

1310w
1281w
1245w
1229w
1210w
1176m
1159w
1154w
1033w
1004s
911w
877w
843w
813w
633w
619w
307w
290w
234w
186w
158m
115vs
87vs
T0vs

Experimental error is +2 em™, (w: weak, m: medium, s: strong, vs: very strong)

The PXRD pattern for (2R-trans)-5-(4-fluorophenyl)-2-
(1-methylethyl)-N,4-diphenyl-1-[ 2-(tetrahydro-4-hydroxy-
6-0x0-2H-pyran-2-yl)ethyl]-1H-pyrrole-3-carboxamide is
shown in FIG. 5. The main peaks (greater than 12% relative
intensity) are given in Table 4. (2R-trans)-5-(4-fluorophe-
nyl)-2-(1-methylethyl)-N,4-diphenyl-1-[2-(tetrahydro-4-hy-
droxy-6-ox0-2H-pyran-2-yl)ethyl]-1H-pyrrole-3-carboxam-
ide displays characteristic diffraction peaks at 6.3, 12.7,16.8,
21.1 and 25.5 degrees two theta+0.1 degree. The DSC ther-
mogram is shown in FIG. 6. (2R-trans)-5-(4-fluorophenyl)-
2-(1-methylethyl)-N,4-diphenyl-1-[2-(tetrahydro-4-hy-
droxy-6-0x0-2H-pyran-2-yl)ethyl]-1H-pyrrole-3-
carboxamide shows a sharp endothermic peak at 166° C.+2°
C. The FT-IR spectrum is illustrated in FIG. 7. The FT-IR
peak table is given in Table 5. (2R -trans)-5-(4-fluorophenyl)-
2-(1-methylethyl)-N,4-diphenyl-1-[2-(tetrahydro-4-hy-
droxy-6-ox0-2H-pyran-2-yl)ethyl]-1H-pyrrole-3-carboxam-
ide displays characteristic peaks at 851, 1220, 1047, 757,
1153 cm™" (in this order). The FT-Raman spectrum is illus-
trated in FIG. 8. The FT-Raman peak table is given in Table 6
(2R-trans)-5-(4-fluorophenyl)-2-(1-methylethyl)-N,4-
diphenyl-1-[2-(tetrahydro-4-hydroxy-6-oxo-2H-pyran-2-yl)
ethyl]-1H-pyrrole-3-carboxamide displays characteristic
peaks at 1531, 997, 114, 99, 1605 cm™h

TABLE 4

Main PXRD Peaks for (2R-trans)-5-(4-fluorophenyl)-2-
(1-methylethyl)-N,4-diphenyl-1-[2-(tetrahydro-4-
hydroxy-6-oxo-2H-pyran-2-yl)ethyl]-1H-
pyrrole-3-carboxamide

Relative

Angle 2- Intensity
Theta (°) (%)
6.3 66.9
8.8 13.7
104 18.7
11.1 14.1
12.3 214
12.7 355
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TABLE 4-continued TABLE 6-continued
Main PXRD Peaks for (2R-trans)-5-(4-fluorophenyl)-2- FT-Raman Peaks for (2R-trans)-5-(4-
(1-methylethyl)-N,4-diphenyl-1-[2-(tetrahydro-4- fluorophenyl)-2-(1-methylethyl)-N,4-
hydroxy-6-oxo-2H-pyran-2-yl)ethyl]-1H- diphenyl-1-[2-(tetrahydro-4-hydroxy-6-oxo-2H-
pyrrole-3-carboxamide 5 pyran-2-yl)ethyl]-1H-pyrrole-3-carboxamide
Wavenumber (cm ™)
Relative
Angle 2- Intensity 2963w 1401w 824w 198w
Theta (%) (%) 2940w 1368w 805w 172w
2929w 1315w 731w 157m
16.8 82.0 10 2908w 1301w 701w 114vs
17.7 84.3 1701w 1239m 638w 99vs
17.9 47.4 1664s 1178w 618w 67vs
18.3 21.3 1605s 1155w 524w 61vs
18.9 100.0 1559w 1036w 504w
19.1 76.5
20.0 35.2 15 Experimental error is + 2 cm™,
20.1 56.7 (w: weak, m: medium, s: strong, vs: very strong)
20.3 19.8
20.7 47.6
20.8 61.6
21.1 48.0 Scheme 2
22.8 27.7 .
243 21.0 20 o
25.0 17.8
25.5 41.3
26.7 29.7 o o
269 28.4
27.2 19.3
27.8 33.9 25 N oy ——
284 12.5
29.5 22.7
314 12.2
319 17.9 0
325 14.3 B
32.8 15.1 30
33.5 14.2
34.7 15.8
36.3 18.1
36.6 13.2 o] Y Y Q
37.5 14.1
38.3 15.6 35
39.5 13.2 N 0
(@]
TABLE 5
40 G
FT-IR Peaks for (2R-trans)-5-(4-fluoropheny!)-2(1-methylethyl)--
N,4-diphenyl-1-[2-(tetrahydro-4-hydroxy-6-oxo-2H-pyran- l
2-ylethyl]-1H-pyrrole-3-carboxamide
Wavenumber (cm ™)
3431w* 1497w 1161w 851s 45
2961w 1485m 1153m 804m
2937w 1433s 1097w 795w o o O
2927w 1387m 1083m T75w M
1699s 1349w 1069m 75Th
1662s 1312m 1047m 736m H:N O
1591m 1269w 996w 710s 50 H
1559w 1235m 988w 691s
1524m 1220s 885w 664m As set forth in Scheme 2, the cyclopentylidene phthalimido
1509 L172m 869w isopropyl ester (G) may be prepared by reacting 2-[2-(4-
Experimental error is + 2 om™. hydroxy-6-oxo-tetrahydro-pyran-2-yl]-isoindole-1,3-dione
(w: weak, m: medium, s: strong) (B) with cyclopentanone and isopropyl alcohol in the pres-
3 ence of magnesium sulfate and methanesulfonic acid (MSA).
The reaction mixture is stirred at room temperature at a pH
TABLE 6 between about 1 to about 2, preferably about 1.5, for a time
period between about 20 hours to about 28 hours, preferably
FT-Raman Peaks for (2R-trans)-5-(4- about 24 hours.
fluorophenyl)-2-(1-methylethyl)-N.4- 60  The cyclopentylidene phthalimido isopropyl ester (G) is

diphenyl-1-[2-(tetrahydro-4-hydroxy-6-oxo-2H- : . .
lgyf;y_z_yl[)eél;]_lﬁ_p(;rrolz_3i§bo)?;§ide deprotected to give the corresponding amino cyclopentyl-

Wavenumber (cm™) idene isopropy! ester (H) by treating (G) with a base, such as
primary amine, i.e. an alkylamine, diamine such as ethylene

3433w* 1531s 997m 411w A S .
diamine or an hydroxyamine, in the presence of a polar protic

3064m 1514m 902w 391w . . poie

3049m 1482m 861w 371w 65 solvent, such as methanol. The reaction mixture is stirred at

2984w 1414m 836w 231w room temperature for a time period between about 30 minutes

to about 4 hours, preferably about 2 hours.
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The amino cyclopentylidene isopropyl ester (H) so formed
can be further reacted with 4-fluoro-alpha-[2-methyl-1-oxo-
propyl]-gamma-oxo-N, beta-diphenylbenzenebutanamide of

formula 11
F
SN
(@) (0]
: NH

to give the corresponding pyrrole ring containing cyclopen-
tylidene isopropyl ester of formula IV below 25

50
Ok

O

30

»

Scheme 3

Acetaldehyde(2 equiv.)

O

DERA

on
/\b
R! “non
I
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Scheme 3 describes in general a process encompassed by
the present invention. As set forth in Scheme 3, a DERA
aldolase catalyzes two sequential aldol condensation reac-
tions between an N-protected aminopropionaldehyde sub-
strate (i.e. R1=protecting group) selected from the group
consisting of N-formyl-3-aminopropionaldehyde, 3-succin-
imido-propionaldehyde, N-diBoc-3-aminopropionaldehyde,
N-Boc-3-aminopropionaldehyde, aminoacetaldehyde,
N—CBz-3-aminopropionaldehyde, N-acetyl-3-aminopropi-
onaldehyde, N-Fmoc-3-aminopropionaldehyde or N-Fmoc-
aminoacetaldehyde, and 2 mol of acetaldehyde in the pres-
ence of a suitable co-solvent such as methyl tert-butyl ether
(MTBE) and water to yield the protected desired amino-lactol
(D). Suitable DERA aldolases include, but are not limited to,
DERA 04, DERA 06, DERA 101, DERA 102, DERA 104,
DERA 105, DERA 106, DERA107 and DERA 108, prefer-
ably DERA 04 and DERA 102. The acetaldehyde is added to
amixture of the N-protected aminoaldehyde and DER A aldo-
lase over a time period between about 7 hours to about 12
hours, preferably about 10 hours. The mixture so formed is
further stirred at a temperature between about 15° C. to about
30° C., preferably about 22° C., for a time period between
about 20 hours to about 60 hours, preferably about 48 hours.

The amino-lactol (I) can undergo catalytic (e.g. Pt/C, Pd/C)
dehydrogenation to form carboxylic acid (K), which can then
undergo lactonization to form (J).

Any catalytic dehydrogenation means known in the art to
convert (I) to (K) are encompassed by the present invention.
Examples of suitable catalysts include, but are not limited to,
Pt/C, Pd/C, Pt/Bi/C, Pd/Bi/C and any other dehydrogenation
catalysts. In one embodiment of the invention, the catalytic
dehydrogenation is performed at about pH 7 to about pH 10
using air or oxygen as terminal oxidant.

Any lactonization means known in the art to convert car-
boxylic acid (K) to lactone (J) are encompassed by the present
invention including, but not limited to, the use of acid cata-
lysts such as, but not limited to, hydrochloric acid, sulfuric
acid, methanesulfonic acid (MSA), p-toluenesulfonic acid
(TSA) and any other lactonization acids known in the art.

Alternatively, oxidation of the lactol (I) to lactone (J) or
carboxylic acid (K) can be performed by use of any oxidation
means known in the art that will achieve the desired transfor-
mation.

(¢]
oxidation o)
—_—
R! “nom
J
Cat. dehydrogenation
or oxidation
OH OH (¢]



US 9,079,877 B2

Scheme 4
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R =H, CBz, Boc, Fmoc, benzyl, or dibenzyl

As set forth in Scheme 4, a DERA aldolase catalyzes an
aldol condensation reaction between an aminoaldehyde or an
N-protected aminoaldehyde and 2 mol of acetaldehyde to
give the desired amino-lactol (M).

The following non-limiting examples illustrate the inven-
tion.

Example 1

2-[2-(4,6-Dihydroxy-tetrahydro-pyran-2-yl]-isoin-
dole-1,3-dione

A

DERA 04
_ =

24 h,22°C.

(€]
PN
H

OH

To a suspension of 3-phthalimido-propionaldehyde (10.0
grams, 49.2 mmol) in 20 mL of tert-butyl methyl ether
(MTBE) was added a solution of DERA 04 lysate (52.0 mL,
10,400 units, prepared from 13.0 grams of wet cells of DERA
04 in phosphate buffer, pH 7.0, 0.01 M) and phosphate buffer
(102 mL, pH 7.0, 0.01 M) with vigorous stirring at 22° C.
Acetaldehyde (4.8 grams, 108.2 mmol, Aldrich) dissolved in
water (10 mL) was continuously added into the reaction mix-
ture by a programmed pump for 10 hours. The pH of the
reaction mixture was kept 7.0 by titration with 1.0 N sodium
hydroxide. The reaction mixture was further stirred at 22° C.
for 10 hours and the conversion was monitored by high pres-
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sure liquid chromatography (HPLC). After 20 hours, about
95% ofthe starting material was consumed and 50-55% of the
desired lactol was produced based on high pressure liquid
chromatography analysis, and the resulting reaction mixture
was used directly in the subsequent oxidation step. LC-ES-
IMS oflactol: m/z [M+H]* 292.3.

Example 2

2-[2-(4-Hydroxy-6-oxo-tetrahydro-pyran-2-yl]-isoin-
dole-1,3-dione

OoH
0 O
1). NaO,Cl
. — =
N "o 2)- HCL
e}
[0}
fo) @)
)
N OH

To a suspension of crude lactol (200 mL; prepared according
to Example 1) was added dimethyl sulfoxide (10 mL) with
stirring. Then a solution of sodium chlorite (1.5 eq., 8.3
grams, Aldrich) in water (18 ml) was added dropwise over 30
minutes. The temperature was controlled in the range of
20-25° C. The pH of the reaction mixture should be kept
above 4.0. After 4 hours, acetone (200 ml.) was added. The
reaction mixture was stirred at 0-5° C. for 1 hour and then
filtered through a celite pad (10 grams) in a buchel funnel. The
filtered cake was washed with acetone (50 mL twice). The
combined acetone filtrate was concentrated to remove
acetone and tert-butyl methyl ether (MTBE) under vacuum.
The remaining aqueous solution was adjusted to pH of
approximately 4.0 and extracted with ethyl acetate (100 mL
three times). The combined ethyl acetate solution was dried
over magnesium sulfate and concentrated to about 100 mL in
vacuum, which was treated with dry hydrochloric acid (0.6
ml, 4M in dioxane) in presence of magnesium sulfate (2
grams) and stirred at room temperature for 4 hours. Then the
reaction mixture was washed with saturated sodium bicar-
bonate/brine and dried over sodium sulfate. The solution of
ethyl acetate was concentrated to 50 mL to which was then
added 50 mL of heptane. The formed solid was filtered and
washed with heptane (20 mL), and dried in oven to afford
lactone as a white solid (40%-45% for three steps, 95%
chemical purity, ee>99%, de>86%). LC-ESIMS [M+Na]*
m/z312.0. "THNMR (CDCl,, 400 MHz): 8 7.82 (m, 2H), 7.68
(m, 2H), 4.78 (m, 1H), 4.41 (m, 1H), 3.84 (m, 2H), 2.65 (m,
2H), 1.94-2.14 (m, 3H), 1.81 (m, 1H). >*C NMR (CDCl,, 100
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MHz) & 170.15, 163.61 (2), 134.32 (2), 132.20 (2), 123.58
(2), 73.82 (2), 62.85, 38.63, 35.70, 34.47, 34.40.

Example 3

2-[2-(4,6-Dihydroxy-tetrahydro-pyran-2-yl]-isoin-
dole-1,3-dione

fo) (€]
N/\)J\H )
(6]
Q DERA 102
2 —_—
241, 22°C.
OH
fo) O
oy
N OH

To a suspension of E. coli cells containing DERA 102 (4
grams wet cells suspended in 190 mL of phosphate buffer, pH
7.0, 0.01 M) was added a mixture of 3-phthalimido-propi-
onaldehyde (2.0 grams, 9.8 mmol) and acetaldehyde (0.96
grams, 21.8 mmol, Aldrich) in dimethyl sulfoxide (15 mL) by
aprogrammed pump over 10 hours. The reaction mixture was
further stirred at 22° C. for 14 hours. The progress of the
reaction was monitored by high pressure liquid chromatog-
raphy (HPLC). After 24 hours, the reaction mixture was
extracted with ethyl acetate (100 mL twice). After the sepa-
ration of two layers by centrifugation, the organic layer was
dried and evaporated to give the crude lactol (1.6 grams,
45-50%) as a solid, which was directly submitted to next
oxidation step. LC-ESIMS of lactol: m/z [M+H]* 292.3.

Example 4

7-(1,3-Dioxo-1,3-dihydro-isoindo-2-y1)-3,5-dihy-
droxy-heptanoic acid

OH

Na0,Cl

N M”"OH
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-continued
o OH OH O
N/\AA/U\OH
(@]

To a mixture of crude lactol (1.6 grams; prepared according
to Example 3) in isopropanol (4.8 mL) and dimethy] sulfox-
ide (1.0 mL) and 26 mL of phosphate buffer (pH 6.0, 0.01 M)
was added a solution of sodium chlorite (0.9 grams, Aldrich)
in water (2 mL) at room temperature. The pH of the reaction
mixture was kept between 5.0 and 6.0. After 4 hours, the
reaction mixture was neutralized to pH 7.0 with 1 N sodium
hydroxide and extracted with ethyl acetate (30 mL). After
removal of the organic layer, the aqueous layer was acidified
to pH 4.0 with 1 N hydrochloric acid and extracted with ethyl
acetate (30 mL three times). The combined organic layer
containing crude acid was treated with dicyclohexylamine
(1.5 mL) to afford the corresponding dicyclohexylamine salt
(1.5 grams, approximately 90% purity) at cold temperature
(5-10° C.). LC-ESIMS m/z [M+Na]* 330.0. 'H NMR
(CDCl;, 400 MHz): 8 7.59 (m, 4H), 3.88 (m, 1H), 3.58 (m,
1H), 3.56 (m, 2H), 3.03 (m, 2H), 2.07-2.19 (m, 2H), 1.40-1.82
(m, 14H), 0.80-1.20 (m, 10H). *C NMR (CDCl,, 100 MHz)
8 180.22, 170.82, 134.65 (2), 131.52 (2), 123.32 (2), 67.36,
67.31,53.23 (2), 44.87,43.14,34.82,34.57, 29.14 (4), 24.64
(2), 24.04 (4).

Example 5

2-[2-(4-Hydroxy-6-oxo-tetrahydro-pyran-2-yl]-
isoondole-1,3-dione

o OH OH 0
M HCL
N OH —
0
0
o 0
N “non
0

The crude acid (1.0 grams, prepared according to Example 4)
in ethyl acetate (20 mL.) was treated with anhydrous hydro-
cholic acid in dioxane (4 M, 50 pL.) and the reaction mixture
was stirred at room temperature for 2-3 hours. The reaction
mixture was washed with water (pH 7.0, 50 mL twice). The
organic layer was dried over Na,SO, and evaporated to give
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the desired lactone as a white solid (0.94 grams, approxi-
mately 94% chemical purity, >99% ee, >93% de).

Example 6

Phthalimido Acetonide Isopropyl Ester

O
0 Acetone, [PA
o MSA, MgSO,
_—
“y
N OH
(@]
o] O><O o] )\
N /\)\/k)J\O
(@]

Phthalimido lactone (5.0 grams, 17.3 mmol) was sus-
pended in toluene (100 mL). IPA (6.6 mL, 86.0 mmol, 5 eq.),
acetone (6.3 mL, 86.0 mmol, 5 eq.), magnesium sulfate (5.0
grams) and methanesulfonic acid (0.4 mL, 6.0 mmol, 0.35
eq.) were added. pH=1.5 (required <2). The mixture was
stirred at room temperature for 24 hours. The reaction was
quenched with triethylamine (0.9 mL, 6.5 mmol) and the
mixture was filtered through a grade 4 sinter funnel, washing
with toluene (20 mL). The filtrate was washed with sat. aq.
NaHCO; (20 mL), dried over magnesium sulfate, filtered and
concentrated in vacuo to give a colourless oil, 6.88 grams,
100%.

Example 7

Amino Acetonide Isopropyl Ester

Ethylene diamine
—_—

MeOH

CQ&AM

D
AN

Phthalimido acetonide isopropyl ester (6.55 g, 16.8 mmol)
was dissolved in methanol (65 mL, 10 volumes). Ethylene
diamine (10.1 grams, 168 mmol, 10 eq.) was added dropwise
and the solution was stirred at room temperature.

HPLC analysis after 1 hour indicated no starting material.
After 2 hours the reaction mixture was concentrated in vacuo
on arotavap. The residue was partitioned between toluene (65
ml, 10 volumes) and water (65 mL, 10 volumes)—agitated
for 15 minutes then allowed to stand for 15 minutes. The
cloudy aqueous phase was re-extracted with toluene (65 mL)-

28

agitated for 15 minutes then allowed to stand for 15 minutes.
The combined toluene extracts were washed with water (65
ml )—agitated for 15 minutes then allowed to stand for 15
minutes. The toluene extracts were concentrated in vacuo to
give an oil product, 2.85 grams, 65.0% yield.

Example 8

Pyrrolyl Acetonide Isopropyl Ester (AIE)
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4-fluoro-alpha-[2-methyl-1-oxopropyl]-gamma-oxo-N,

beta-diphenylbenzenebutanamide (4.64 grams, 11.1 mmol,
1.03 eq.) was weighed into a one-neck 50 mL rbf. Amino
acetonide isopropyl ester (2.80 grams, 10.8 mmol) in tert-
butyl methyl ether (MTBE; 11 mL) was added followed by a
tetrahydrofuran flush (4.2 mL). Triethylamine (1.09 grams,
10.8 mmol, 1 eq.) was added and the slurry was heated to 50°
C. Pivalic acid (1.10 grams, 10.8 mmol, 1 eq.) was added and
the mixture was heated at reflux (67-68° C.) for 88 hours. On
cooling, the volatiles were removed in vacuo and the residue
was taken up in isopropyl alcohol (IPA; 17.5 mL) and heated
to 80° C. Further IPA (10 mL) was required to give a clear
solution. The solution was allowed to cool to room tempera-
ture—no crystallisation occurred. The solution was seeded
with authentic product and crystallisation occurred. The
slurry was cooled to 0° C. and held for 30 minutes. The
product was collected on a grade 2 sinter funnel and washed
with isopropyl alcohol (i.e, IPA; 3 times with 10 mL). The
product was dried in a vacuum oven at 40-50° C. for 18 hours
to give a pale yellow solid (4.15 grams, 60.0% yield).

Example 9

Cyclopentylidene-Phthalimido-Isopropyl Ester

N ."I"’OH
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Phthalimido lactone (5.0 grams, 17.3 mmol) was sus-
pended in toluene (50 mL). IPA (6.6 mL, 86.0 mmol, 5 eq.),
cyclopentanone (3.0 grams, 34.8 mmol, 2 eq.), magnesium
sulfate (5.0 grams) and methanesulfonic acid (0.4 mL, 6.0
mmol, 0.35 eq.) were added. pH of 1.5 (less than pH of 2
required). The mixture was stirred at room temperature for 24
hours. The reaction was quenched with triethylamine (0.9
ml, 6.5 mmol) and the mixture was filtered through a grade 4
sinter funnel, washing with toluene (20 mL). The filtrate was
washed with sat. aq. NaHCO; (20 mL), dried over magne-
sium sulfate, filtered and concentrated in vacuo to give a
colourless oil, 7.18 grams, 100%.

Example 10

Amino Cyclopentylidene Isopropyl Ester

Cyclopentylidene phthalimido isopropyl ester (10.0
grams, 24.1 mmol) was dissolved in methanol (50 mL, 5
volumes). Ethylene diamine (2.9 grams, 48.2 mmol, 2 eq.)
was added dropwise and the solution was stirred at room
temperature.

High pressure liquid chromatography (HPLC) analysis
after 1 hour indicated no starting material. After 2 hours the
reaction mixture was concentrated in vacuo on a rotavap. The
residue was partitioned between toluene (100 mL, 10 vol-
umes) and water (100 mL, 10 volumes)—agitated for 15
minutes then allowed to stand for 15 minutes. The cloudy
aqueous phase was re-extracted with toluene (65 ml)—agi-
tated for 15 minutes then allowed to stand for 15 minutes. The
combined toluene extracts were washed with water (65
ml.)—agitated for 15 minutes then allowed to stand for 15
minutes. The toluene extracts were concentrated in vacuo to
give the product as an oil, 6.45 grams, 94.0% yield. It is
important to ensure absence of ethylenediamine from the
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crude product as it leads to the formation of an impurity
(bispyrrole) in the subsequent Paal-Knorr reaction.

Example 11

Pyrrolyl Cyclopentylidene Isopropyl Ester (CIE)

O O O
M )\
H,N o
F

wk

HN

4-fluoro-alpha-[2-methyl-1-oxopropyl]-gamma-oxo-N,

beta-diphenylbenzenebutanamide (4.64 grams, 11.1 mmol,
1.03 eq.) was weighed into a one-neck 50 mL rbf. Amino
cyclopentylidene isopropyl ester (3.08 grams, 10.8 mmol) in
MTBE (11 mlL) was added followed by a tetrahydrofuran
flush (4.2 mL). Triethylamine (1.09 grams, 10.8 mmol, 1 eq.)
was added and the slurry was heated to 50° C. Pivalic acid
(1.10 grams, 10.8 mmol, 1 eq.) was added and the mixture
was heated at reflux (67-68° C.) for 88 hours. On cooling, the
volatiles were removed in vacuo and the residue was taken up
in isopropyl alcohol (17.5 mL) and heated to 80° C. Further
isopropyl alcohol (10 mL) was required to give a clear solu-
tion. The solution was seeded with authentic product and
crystallisation occurred. The slurry was cooled to 0° C. and
held for 30 minutes. The product was collected on a grade 2
sinter funnel and washed with isopropyl alcohol (3 times 10
mL). The product was dried in a vacuum oven at 40-50° C. for
18 hours to give a pale yellow solid (4.31 grams, 60.0%
yield). Purity by high pressure liquid chromatography was
greater than 99% pure.

Example 12

4-fluoro-alpha-[2-methyl-1-oxopropyl]|-gamma-oxo-N,
beta-diphenylbenzene butanamide

A reaction vessel is inerted using at least 4 cycles of
vacuum, releasing the vacuum each time with nitrogen. 250
liters of tetrahydrofuran is charged to the reaction vessel via
spray nozzles. Spray ball nozzles ensure that all areas of the
reaction vessel are penetrated in particular the top inner sur-
face of the vessel and the agitator device also present inside
the reaction vessel. The tetrahydrofuran washings are drained
off and collected for waste recycling.
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When the reaction vessel is dry 480 kgs 2-benzylidine
isobutyrylacetamide (BIBEA), 60 kgs ethyl hydroxyethylm-
ethyl thiazolium bromide (MTB or ethyl hydroyethyl MTB),
200 liters, 216 kgs of 4-fluorobenzaldehyde and 120 kgs of
triethylamine are charged to the reaction vessel and heated
with agitation to between 60 and 70° C. The reaction mixture
is aged for 16 to 24 hours maintaining the temperature at
65+/-5° C. The contents re then cooled to 60+/-5° C. for 54
to 66 minutes. 600 liters of isopropanol is charged to the
reaction mixture and the mixture is heated to about 100° C. to
achieve a solution.

600 liters of deionised water is charged to the reaction
vessel over 30 minutes while maintaining the temperature at
60+4/-5° C. The batch is aged for 54 to 66 minutes and the
contents cooled to between 25+/-5° C. over a 2 to 4 hour
period at arate of 15/20° C. per hour. The batch is aged at this
temperature for at least 1 hour and the contents cooled further
to 04/-5° C. and aged for at least 1 hour.

The batch is isolated on a filter and washed with isopro-
panol. The product is dried under vacuum at 50+/-5° C.to a
water content of less than 0.5%. The contents are then cool to
approximately less than 30° C. before discharging.

Example 13

PXRD of
4-fluoro-alpha-[2-methyl-1-oxopropyl]-gamma-oxo-N,
beta-diphenylbenzene butanamide

The powder X-ray diffraction pattern was determined
using a Bruker-AXS Ltd. D4 powder X-ray diffractometer
fitted with an automatic sample changer, a theta-theta goni-
ometer, automatic beam divergence slit, and a PSD Vantec-1
detector. The sample was prepared for analysis by mounting
on a low background silicon wafer specimen mount. The
specimen was rotated whilst being irradiated with copper
K-alpha, X-rays (wavelength=1.5406 Angstroms) with the
X-ray tube operated at 40 kV/30 mA. The analyses were
performed with the goniometer running in continuous mode
set for a 0.2 second count per 0.018° step over a two theta
range of 2° to 55°. Peaks were selected using Bruker-AXS
Ltd. Evaluation software with a threshold of 1 and a peak
width of 0.3° 2-theta. The data were collected at 21° C.

As will be appreciated by the skilled person, the relative
intensities of the various peaks within Table 1 given below
may vary due to a number of factors such as for example
orientation effects of crystals in the X-ray beam or the purity
of'the material being analysed or the degree of crystallinity of
the sample. The peak positions may also shift for variations in

sample height but the peak positions will remain substantially 5

as defined in given Table.

Example 14

DSC of
4-fluoro-alpha-[2-methyl-1-oxopropyl]-gamma-oxo-N,
beta-diphenylbenzene butanamide

3.117 mg of 4-fluoro-alpha-[2-methyl-1-oxopropyl]-
gamma-oxo-N, beta-diphenylbenzene butanamide was
heated from 10 to 250° C. at 20° C. per minute using a Perkin
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Elmer Diamond DSC with autosampler and a 4 hole side wall
vented aluminium pan and lid with nitrogen flow gas.

Example 15

FT-IR of 4-fluoro-alpha-[2-methyl-1-oxopropyl]-
gamma-oxo-N, beta-diphenylbenzene butanamide

The IR spectrum was acquired using a ThermoNicolet
Nexus FTIR spectrometer equipped with a ‘DurasamplIR’
single reflection ATR accessory (diamond surface on zinc
selenide substrate) and d-TGS KBr detector. The spectrum
was collected at 2 cm™" resolution and a co-addition of 256
scans. Happ-Genzel apodization was used. Because the FT-
IR spectrum was recorded using single reflection ATR, no
sample preparation was required. Using ATR FT-IR will
cause the relative intensities of infrared bands to differ from
those seen in a transmission FT-IR spectrum using KBr disc
or nujol mull sample preparations. Due to the nature of ATR
FT-IR, the bands at lower wavenumber are more intense than
those at higher wavenumber. Experimental error, unless oth-
erwise noted, was +2 cm™'. Peaks were picked using Ther-
moNicolet Omnic 6.0a software. Intensity assignments are
relative to the major band in the spectrum, so are not based on
absolute values measured from the baseline.

Example 16
FT-Raman IR of 4-fluoro-alpha-[2-methyl-1-oxopro-
pyl]-gamma-oxo-N;, beta-diphenylbenzene butana-

mide

The Raman spectrum was collected using a Bruker Ver-
tex70 with RamII module FT-Raman spectrometer equipped

5 with a 1064 nm NdYAG laser and LN-Germanium detector.

45

60

65

All spectra were recorded using 2 cm ™ resolution and Black-
man-Harris 4-term apodization. The spectrum was collected
using laser power of 300 mW and 4096 co-added scans. The
sample was placed in a glass vial and exposed to the laser
radiation. The data is presented as intensity as a function of
Raman shift (cm™") and is corrected for instrument response
and frequency dependent scattering using a white light spec-
trum from a reference lamp. The Bruker Raman Correct func-
tion was used to do the correction. (Bruker software—OPUS
6.0). Experimental error, unless otherwise noted, was +2
cm™'. Peaks were picked using ThermoNicolet Omnic 6.0a
software. Intensity assignments are relative to the major band
in the spectrum, so are not based on absolute values measured
from the baseline.

Example 17

(2R-trans)-5-(4-fluorophenyl)-2-(1-methylethyl)-N,
4-diphenyl-1-[2-(tetrahydro-4-hydroxy-6-oxo-2H-
pyran-2-yl)ethyl]-1H-pyrrole-3-carboxamide

50 grams tert-butyl isopropylidene (TBIN), prepared as
described in Tetrahedron Letters, 2279 (1992), 13.25 grams
wet sponge nickel catalyst, 28% ammonia solution (137.5 ml)
and 375 ml isopropyl alcohol (IPA) are added to a pressure
vessel. The mixture is reduced with 50 psi of hydrogen, then
filtered and concentrated in vacuo. The resulting oil is dis-
solved in 250 ml warm toluene, water washed and again
concentrated in vacuo to give an amino ester. The amino ester,
85 grams 4-fluoro-alpha-[2-methyl-1-oxopropyl]|-gamma-
oxo-N, beta-diphenylbenzene butanamide (U.S. Pat. No.
5,155,251 and Bauman K. L., Butler D. E., Deering C. F. et al
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Tetrahedron Letters 1992; 33:2283-2284 both references
incorporated by reference in their entirety), 12.5 grams piv-
alic acid, 137.5 ml tetrahydrofuran and 137.5 ml hexanes are
charged to an argon inerted pressure vessel which is sealed
and heated to 75° C. for 96 hours. After cooling, the solution
is diluted with 400 ml methyl tert-butyl ether (MTBE) and
washed firstly with dilute aqueous sodium hydroxide fol-
lowed by dilute aqueous hydrochloric acid. The mixture is
then concentrated in vacuo to give an acetonide ester.

The acetonide ester is dissolved in 275 ml warm methanol
and aqueous hydrochloric acid (5 grams 0f37% hydrochloric
acid in 75 ml of water) is added. The mixture is stirred at 30°
C. to produce a diol ester. 100 ml methyl tert-butyl ether and
aqueous sodium hydroxide (150 ml of water and 25 grams of
50% aqueous sodium hydroxide) are then added and the
mixture stirred at 30° C. to produce the sodium salt. 600 ml
water is added and the mixture washed twice with 437.5 ml
methyl tert-butyl ether.

In this case, the mixture is distilled under atmospheric
pressure to a batch temperature of 99° C. Distillation is con-
tinued until the methanol content of the mixture is reduced to
0.4 w/v. The batch is stirred at 75-85% for 18 hours, then
cooled, acidified and extracted into 875 ml toluene. The mix-
ture is heated at reflux for 4 hours and water is removed
azeotropically. After cooling, the mixture is filtered, washed
with toluene and dried directly. The titled compound is iso-
lated as a white solid (Yield: 37.9 grams).

Example 18

PXRD of (2R-trans)-5-(4-fluorophenyl)-2-(1-meth-
ylethyl)-N,4-diphenyl-1-[2-(tetrahydro-4-hydroxy-6-
oxo-2H-pyran-2-yl)ethyl]-1H-pyrrole-3-carboxam-
ide

The powder X-ray diffraction pattern was determined
using a Bruker-AXS Ltd. D4 powder X-ray diffractometer
fitted with an automatic sample changer, a theta-theta goni-
ometer, automatic beam divergence slit, and a PSD Vantec-1
detector. The sample was prepared for analysis by mounting
on a low background silicon wafer specimen mount. The
specimen was rotated whilst being irradiated with copper
K-alpha, X-rays (wavelength=1.5406 Angstroms) with the
X-ray tube operated at 40 kV/30 mA. The analyses were
performed with the goniometer running in continuous mode
set for a 0.2 second count per 0.018° step over a two theta
range of 2° to 55°. Peaks were selected using Bruker-AXS
Ltd. Evaluation software with a threshold of 1 and a peak
width of 0.3° 2-theta. The data were collected at 21° C.

As will be appreciated by the skilled person, the relative
intensities of the various peaks within Table 1 given below
may vary due to a number of factors such as for example
orientation effects of crystals in the X-ray beam or the purity
of'the material being analysed or the degree of crystallinity of
the sample. The peak positions may also shift for variations in
sample height but the peak positions will remain substantially
as defined in given Table.

Such further PXRD patterns generated by use of alternative
wavelengths are considered to be alternative representations
of the PXRD patterns of the crystalline materials of the
present invention and as such are within the scope of the
present invention.
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Example 19

DSC of (2R-trans)-5-(4-fluorophenyl)-2-(1-methyl-

ethyl)-N,4-diphenyl-1-[2-(tetrahydro-4-hydroxy-6-

oxo-2H-pyran-2-yl)ethyl]-1H-pyrrole-3-carboxam-
ide

2.893 mg of the sample was heated from 10 to 300° C. at
20° C. per minute using a Perkin Elmer Diamond Differential
Scanning calorimetry (DSC) with autosampler and a 4 hole
side wall vented aluminium pan and lid with nitrogen flow
gas.

Example 20

FT-IR of (2R-trans)-5-(4-fluorophenyl)-2-(1-methyl-
ethyl)-N,4-diphenyl-1-[2-(tetrahydro-4-hydroxy-6-
oxo-2H-pyran-2-yl)ethyl]-1H-pyrrole-3-carboxam-

ide

The IR spectrum was acquired using a ThermoNicolet
Nexus FTIR spectrometer equipped with a ‘DurasamplIR’
single reflection ATR accessory (diamond surface on zinc
selenide substrate) and d-TGS KBr detector. The spectrum
was collected at 2 cm™" resolution and a co-addition of 256
scans. Happ-Genzel apodization was used. Because the FT-
IR spectrum was recorded using single reflection ATR, no
sample preparation was required. Using ATR FT-IR will
cause the relative intensities of infrared bands to differ from
those seen in a transmission FT-IR spectrum using KBr disc
or nujol mull sample preparations. Due to the nature of ATR
FT-IR, the bands at lower wavenumber are more intense than
those at higher wavenumber. Experimental error, unless oth-
erwise noted, was +2 cm™'. Peaks were picked using Ther-
moNicolet Omnic 6.0a software. Intensity assignments are
relative to the major band in the spectrum, so are not based on
absolute values measured from the baseline.

Example 21

FT-Raman of (2R-trans)-5-(4-fluorophenyl)-2-(1-

methylethyl)-N,4-diphenyl-1-[2-(tetrahydro-4-hy-

droxy-6-ox0-2H-pyran-2-yl)ethyl]-1H-pyrrole-3-
carboxamide

The Raman spectrum was collected using a Bruker Ver-
tex70 with RamII module FT-Raman spectrometer equipped
with a 1064 nm NdYAG laser and LN-Germanium detector.
The spectrum was recorded using 2 cm™' resolution and
Blackman-Harris 4-term apodization. The spectrum was col-
lected using laser power of 300 mW and 4096 co-added scans.
The sample was placed in a glass vial and exposed to the laser
radiation. The data is presented as intensity as a function of
Raman shift and is corrected for instrument response and
frequency dependent scattering using a white light spectrum
from a reference lamp. The Bruker Raman Correct function
was used to do the correction. (Bruker software—OPUS 6.0).
Experimental error, unless otherwise noted, was =2 cm™.
Peaks were picked using ThermoNicolet Omnic 6.0a soft-
ware. Intensity assignments are relative to the major band in
the spectrum, so are not based on absolute values measured
from the baseline.
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Example 22

Phthalimide Acetal

o] O///
: >/_—\<N/K + Br/\)\o/
© O
@é .
S

Slurry 50.0 gm of Potassium Phthalimide (1 eq.) in 400 mls
(8 vol.) of NN dimethylormamide at room temperature, a
slurry. 3-Bromopropionaldehyde dimethyl acetal 54.4 grams
(1.1 eq.) was added dropwise at room temperature, a slurry.
The reaction was held for approximately 15 hours and called
complete. 2-Methyltetrahydrofuran 250 mls, and water 250
mls, were added and stirred, allowed to settle and separated.
The aqueous layer was rewashed twice with 100 mls
2-MTHEF, the organic layers combined and washed with 70%
saturated brine to remove water. The organic layer was then
dried over sodium sulfate, distilled at atmospheric pressure to
a slurry. The white slurry granulated at reduced temp 0-5° C.
for 1 hr., filtered on a paper covered Buckner funnel and
washed with 2-MTHF. The white solids were vac oven dried
at less than 40° C., resulting in a yield of 46.5% of the titled
product.

- Nucleotide sequence of DERAO3

10
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Example 23

3-phthalimido-propionaldehyde

O
N o—
B —_—
@] o—
O
H
0O

15.0 grams of Phthalimide Acetal (1 eq.) were added to 700
mls (approximately 47 vol.) glacial acetic acid and 70 mls
(approximately 5 vol.) water. This reaction was held for 48
hours at room temperature up to 30° C., and called complete.
Saturated sodium bicarbonate was added to a pH of 7, and
extracted with 500 mls 2-MTHEF, reextracted with 500 mls
2-MTHEF. The organic layer was then dried over sodium sul-
fate, vacuum distilled to a slurry. The white slurry granulated
at reduced temperature 0-5° C. for 1 hour, filtered on a paper
covered Buckner funnel and washed with 2-MTHF. The
white solids were vac oven dried at room temperature, result-
ing in a yield of 47% of the titled product.

Example 24

SEQ ID NO: 1

atgactgatctgaaagcaagcagectgegtgeactgaaattgatggacctgaccaccctgaatgacgacgacaccgacgagaa

agtgatcgcectgtgtcatcaggecaaaactecggteggecaatacegecgetatetgtatetatectegetttateccgattgetegea

aaactctgaaagagcagggcaccecggaaatecgtategetacggtaaccaactteccacacggtaacgacgacategacate

gegetggecagaaaccegtgeggcaategectacggtgetgatgaagttgacgttgtgttecegtacegegegetgatggegggtaa

cgagcaggttggttttgacctggtgaaagectgtaaagaggettgegeggecagegaatgtactgetgaaagtgatcategaaace

ggcgaactgaaagacgaagcgcetgatcegtaaagegtetgaaatctecatcaaagegggtgeggacttecatcaaaacctetace

ggtaaagtggctgtgaacgegacgecggaaagegegegecatcatgatggaagtgateegtgatatgggegtagaaaaaacegt

tggtttcaaaccggegggeggegtgegtactgeggaagatgegeagaaatatetegecattgcagatgaactgtteggtgetgact

gggcagatgcegegtcactacegetttggegettecagectgetggeaagectgetgaaagegetgggtcacggegacggtaaga

gegecageagcetactaa

- Nucleotide Sequence of DERAO4

Example 25

SEQ ID NO: 2

atgggtaatatcgcgaaaatgattgatcacaccctettaaaacccgaagcaaccegaacaacaaattgtacaattatgcacggaag

cgaaacaatatggctttgcagcagtatgegtaaatecgacatgggttaaaaccgeegecacgtgaattaagegggacagacgtteg

tgtgtgtactgtaattggatttececttgggegetacgactecagaaactaaagcattcgaaactactaacgegattgaaaatggagea



US 9,079,877 B2
37 38

-continued
cgggaagtagatatggtaattaatattggtgcattgaaatctggacaagatgaactggtggaacgtgatattegtgecgttgttgaag
ctgcagcaggccgegegettgtgaaagtaattgtagaaacageccttettactgatgaagaaaaagttegegettgtcaattageag
taaaagcgggtgccgattatgtgaagacgtcegacaggatttageggtggtggtgcaacggtggaagatgtggetttaatgeggaa
aacggttggtgatcegtgcaggggtcaaagcaageggcggagtacgtgactggaaaacagcagaagcaatgattaacgcagga

gcaacgcgcattggcacaagttcetggagtagcaategtaacaggtggaaceggecgggeagactattaa

Example 26

SEQ ID NO:
- Nucleotide Sequence of DERAO6
atgggactcgectectacategaccacacgetgettaaggecacegecacgetegecgacatecegeacgetgtgtgaggaagee
cgcgageactegttetacgeggtgtgeatcaacceggtetttattecccacgecegegectggetegaaggcagegacgtgaaggt
cgccaccgtetgeggetttececteggegecatecagetecgagecagaaagetetggaagecegectgagegecgaaacgggeyg
ccgacgaaatcgatatggtceatecacateggeteggegettgeeggegactgggacgeggtggaagecgacgtgegggeagty
cgecegegeggtgeccgageaggtgetcaaggtgattategaaacctgetacetgaccgacgagecaaaagegettggegactga
ggtcgecgtacagggeggegecgacttegtgaagacgagcacagget teggeaceggeggegecacegtggacgacgtgege
ctgatggeggaagtgat cgggggecgegecggactecaaggeggegggeggegt ccgeactcetgecgacgegeaagecatyg

atcgaggegggegegacecggetgggeacetegggeggegtgggt ctggtgtegggeggegaaaacggagecggetactga

Example 27 30

SEQ ID NO:
- Nucleotide Sequence of DERAOS
atgggaattgctaaaatgatcgatcacactgctttaaaaccagacacaacgaaagaacaaattttaacactaacaaaagaagca
agagaatacggttttgcttcecgtatgegtaaatccaacttgggtaaaactateegetgaacaacttgetggagcagaatcectgtagtat
gtactgttatcggtttcccactaggagcgaatacccectgaagtaaaagcatttgaagtaaaagatgctatcecaaaacggtgcaaaa
gaagtggatatggttattaatatcggegcactaaaagacaaagacgacgaactagtagaacgtgatattegegetgtagtegatge
tgccaaaggaaaagcattagtaaaagtaattatcgaaacttgectattaacagacgaagaaaaagttcegegecatgtgaaatceget
gtaaaagcgggaacagacttcgttaaaacatccactggattcetecacaggtggegcaactgecgaagatategecttaatgegta

aaactgtaggaccaaacatcggegtaaaagcatetggtggggttegtacgaaagaagacgtagaaaaaatgatcgaagcagg

cgcaactegtattggegeaagtgeaggtgtegeaattgtttecggegaaaaaccagccaaaccagataattactaa

Example 28

SEQ ID NO:
- Nucleotide Sequence of DERAll
atgacatcaaatcaacttgctcaatatatcgatcacaccgcacttaccgcagaaaaaaatgaacaagatatttcgacactcetgtaat
gaagcgattgaacacggattttattctgtatgtatcaattctgettatattecactegetaaagaaaaacttgetggctcaaatgtaaaa
atttgcaccgtagttggattcectttgggggcgaatttaacctcagtcaaagecatttgaaacgcaagaatctattaaagegggtgcaa
atgaaattgatatggtgattaatgtaggttggataaaatcgcaaaaatgggatgaagtaaaacaagatattcaageggtatttaatg
cttgtaatggcacgccattaaaagtgattttagaaacttgtttgctcactaaagatgaaatagtgaaagectgcgaaatttgtaaaga
aatcggtgtagettttgttaaaacatcaacaggctttaataaaggtggtgcgaccgtagaagatgttgcattgatgaaaaacacggte

ggcaatattggtgttaaagcatcaggtggtgtgegtgatactgaaactgeacttgecaatgattaaggegggtgegactegeattggty

caagcgctggeattgegattattageggtactcaagacactcaaagcacttactaa

3

4

5
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Example 29

SEQ ID NO:

- Nucleotide Sequence of DERAl2
atgatagagtacaggattgaggaggcagtagcgaagtacagagagttctacgaattcaageccgtcagagaaagegcaggtatt

gaagatgtgaaaagtgctatagagcacacgaatctgaaaccgtttgecacaccagacgatataaaaaaactcetgtettgaagea
agggaaaatcgtttccatggagtetgtgtgaateegtgttatgtgaaactggetegtgaagaactegaaggaaccgatgtgaaagte
gtcaccgttgttggttttcecactgggagegaacgaaacteggacgaaageccatgaggegattttegetgttgagagtggageegat
gagatcgatatggtcatcaacgttggcatgctcaaggcaaaggagtgggagtacgtttacgaggatataagaagtgttgtegaate
ggtgaaaggaaaagttgtgaaggtgatcatcgaaacgtgctatctggatacggaagagaagatageggegtgtgteatttecaaa
cttgctggagetcatttegtgaagacttecacgggatttggaacaggaggggegaccgcagaagacgttcatetcatgaaatggat

cgtgggagatgagatgggtgtaaaagettecggagggatcagaaccttegaggacgetgttaaaatgatcatgtacggtgetgata

gaataggaacgagttcgggagttaagatcegttcaggggggagaagagagatatggaggttga
20
Example 30

SEQ ID NO:

- Nucleotide Sequence of DERAlS
atgcegteggecagggatatactgcagecagggtcetagacaggctagggagecctgaggacctegectegaggatagactetacy

ctactaagccectagggetacggaggaggacgttaggaatettgtgagagaggegteggactacgggtttagatgegeggttetga
ctccagtgtacacagtaaagatttetgggetggetgagaagettggtgtgaagetatgtagegttataggetttecectgggecagge
cecegetegaggtaaagetagttgaggecacaaactgttttagaggetggggetactgagettgatgttgtececcatetetecactagge
ccegaagetgtttacagggaggtetcagggatagtgaagttggegaaaagetatggageegttgtgaaagtaatattagaagege
cactctgggatgacaaaacgctetecctectggtggactegtegaggagggegggggeggatatagtgaagacaageacceggyg
gtctatacaaagggtggtgatccagtaacggtetteaggetggecagtettgecaagececttggtatgggtgtaaaggcaagegyg
cggtataaggagtggcategacgecgtectegecgtaggagetggegeggatatcatagggacaagcagtgetgtaaaggtttty

gagagcttcaaatccctagtctaa
40

Example 31

SEQ ID NO: 8

- Nucleotide Sequence of DERA 101

atggctgcaaacaaatatgaaatggccttegcacagttegatecagetgaaagegaagaacgcatecty
ctgaaaactgaccagatcattcgtgaccactatteccegtttegacactecagaaactaaaaagttecty
catggegttatecgatctgacgtetetgaacgecacecgactetgaggaatctatcactaaattcaccgaa
tctgtaaacgatttcgaagataccgaccecgactatecctagegttgeggegatetgegtttatecgaac
tttgtcagcaccgtgegtgaaaccctgactgecgagaatgtgaaagttgcaagegtcageggttgette
ceggecteccagagettecatecgaagtgaaactggecagaaacegecactggeggttagegacggtgeggat
gaaattgacattgttctgaacatgggtaaattectgteeggtgattacgaggecgcagecactgagate
gaggaacagatcgctgceggcegaagggtgcgacegtaaaagttatectggagactggtgetectgaagacg
ccggaaaacattcegecgegcaaccatectgtetetgttttgtggegeccatttegttaaaacctetact
ggcaaaggctaccegggegectetetggaagcagettacactatgtgtaaagtectgaaacagtactac
ggectgtteggtgaagttegtggcatcaagetgageggeggtateegtaccaccgaagacgeggttaag

tactactgcctgatcgaaacgetgetgggecaaagaatggetgacceecggegtactteegeateggegee

tcctetetggttgatgetetgegecaggatattatggtttaa

7
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Example 32

SEQ ID NO:

- Nucleotide Sequence of DERA 102
Atggaactgaaccgcatgattgaccacactattctgaaaccggaagcecaccgaggeggctgtgcagaaa

attatcgatgaagctaaagaatacaacttettecagegtetgtatcaaccegtgttgggttgettttgee
tccgagecagetggetgatactgatgttgeegtetgtacegtaateggtttecegetgggegegaacacy
ccggaggttaaagegtacgaagecagetgacgecattaaaaacggtgetaatgaggtggatatggtgate
aatattggtgctctgaaatcccaacagtacgactacgtgegecaagacatecagggtgtggttgacgee
gcaaaaggtaaagcactggttaaagttatcatcgaaactgcectgetgaccgatgaagagaaagttaag
gettgegaactggegaaagaagcaggcegetgatttegtgaaaaccageaceggtttttecactggeggt
gcaaaagttgctgacattcegtcetgatgegegaaacegtgggtecggatatgggegttaaageateeggt
ggcgtacacaacgcagaagaagcactggcecatgategaagegggegecaactegtateggegettecace

ggtgtagccatcgtaageggtgctactggtgagggtaccaaatggtaa

Example 33

SEQ ID NO:

- Nucleotide Sequence of DERA 103
atgactattgaatccgctatcgegetggeacctgecagaacgtgetgttaacctgattggtagegaccety

accgaaaaatctctgaaactgeacctggaaggectgtetggtgtegacgeggttggtetggaacagegt
getgeeggtetgtecaceegetetatcaaaaccacctecaaagettgggecctggacaccatcatcaaa
ctgatcgatctgactactetggagggegecagatactecgggecaaggttegttetetggetgegaaagea
atgctgecggacgectetgatgtgtecgetecgeaggtggeagetgtgtgegtttacggtgatatggty
ccatacgeggeggaagecactgggetectettggtetaatggttetgacaacggeattaacgttgetgeyg
gtggcaactgcgttceccatecggtegeagetecctgecaatcaaaategetgacaccaaggaageegtt
geccacggtgctgacgaaatcgacatggtaategategtggtgegttectgageggecaaatacggtgtt
gtgttcgaccagatcgtagetgtgaaagaagettgecgeegegaaaacggcacttacgegeacctgaaa
gttatcctggaaaccggcgaactgaacacctatgacaacgtecgeegtgectectggetggegatectyg
gegggtggtgactttgtgaaaacctetaceggcaaggttageceggecgecaacectgeeggttacgetyg
ctgatgctggaagtegttegegattggeatgtgetgactggegagaaaateggtgtgaaaccageeggt
ggtatccgctectecaaagacgcgattaaatacctggtcacegtggeggaaacegtaggtgaagagtgg
ctgcaaccgcacctgtttegetttggegectectecctgetgaacgacgttetgatgeagegtecagaag

ctgtctaccggecactactecggeccagattacgtgaccategactaa

Example 34

SEQ ID NO:

- Nucleotide Sequence of DERA 104
atgtcttctactccaactattctggatecggegtttgaggacgttaceegttetgaageatetetgege

cgtttectgeacggectgeegggtgtegatcaggtgggegeagaggeeegtgeegetggtetggeaace
cgttccattaaaacgtecgeaaaagaatttgeactggacectggegattegtatggttgacctgaccacy
ctggagggccaggatacgecegggtaaggttegtgecctgagegegaaagecaatgegtecggateegtet
gatccaacctgtcectgectactgetgetgtatgtgtttacceggacatggttggeategegaaacaggeg

ctgggtactageggegtacacgtagetgetgtggetactgetttecegtetggeegtgeegetetggac

9

10

11

42
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-continued
atcaaactggcggacgttcecgtgatgeggtggacgcaggegectgacgaaatcegatatggttatcegacege
ggtgcttttetggetggtegttaccaacacgtatacgacgaaattgttgeggtgegegaagectgeege
cgtgaaaacggtgaaggcgctcacctgaaggtaatcttegagactggtgagetgcagacctacgacaac
gttecgcegtgegagetggetggegatgatggectggtgecacacttegttaaaacgtecaceggcaaagte
cagccggcagctaccctgecggttaccetggttatgetgeaggeegtacgtgactttegtggegeaacy
ggccgtatggttggegttaaacctgectggeggtatcecgtaccgecaaggacgcaatcaaatacetggtt
atggtaaacgaggtagcgggcgaagattggetggacceggactggtttegttttggtgecatctactetyg
ctgaacgacctgctgatgcagegtacgaagatgaaaaccggecgttacageggeccagactactttace

ctggactaa

Example 35

SEQ ID NO: 12

- Nucleotide Sequence of DERA 105

atggaactgatcactcagccgtettgttgggtattttecgtetttttecgeegtecagtacggetggety
gtttttgtggaaggtgcttggtacgatggtegecgtcaaactttecacctggatggtaacggecgcaaa
ggcttectgegcatgactatgaatatcgcaaaaatgategatcacaccctgetgaaaccggaagegact
gagcagcagatcgtacaactgtgcaccgaagctaaacagtatggttttgettecgtttgtgtgaacccet
acgtgggtgaaaaccgccgcacgcgaactgtetggtaccgacgttegtgtttgtacegtaattggette
cegetgggegegactacceccagaaaccaaagegttegaaactaccaacgegategaaaacggegetegt
gaagtcgacatggtaatcaacattggegetctgaaatctggtcaggacgaactggtagagegtgacate
cgegecgtegtagaagetgeggecaggecgtgecactggtaaaagtaategttgaaaccgetetgetgact
gatgaagagaaagttcgtgegtgtcagetggeggttaaagetggtgcagattacgtgaaaacgagecact
ggttteteeggtggtggegetactgtegaagacgtggegetgatgegtaaaaccgtaggegategegea
ggcgttaaagcgageggeggtgttegtgattggaagactgecgaagetatgattaacgecaggegegact

cgtateggeacttetageggegtggeaattgttactggeggecaceggtegegetgacactaaatggtaa

Example 36

SEQ ID NO: 13

- Nucleotide Sequence of DERA 106

atgactatcgctaaaatgattgatcacacggcgctgaagcecagataccaccaaagaacaaatcectgacy
ctgaccaaagaagcacgtgaatatggcetttgctagegtetgtgtgaatecgacttgggtgaaactgtet
geggaacagetgageggcegetgaatcetgtggtgtgecacegteateggttttecgetgggegegaatact
ccggaagtgaaggcattcgaagtaaaaaacgctategaaaacggcegegaaggaagtagatatggttate
aacattggtgctctgaaggataaggacgacgaactggtggaacgtgatatcegtgecgtegtggatget
gctaaaggtaaagecgectggtgaaagtcattategaaacctgectgetgaccgatgaagagaaggtecegt
gecttgcgaaatcgecgtgaaagetggecactgatttegttaaaacttetactggettttetactggtgge
gegactgcagaagacatcgcactgatgegtaagactgteggtecgaacateggtgtaaaagegteeggt
ggtgttegtactaaagaagacgttgagaagatgatcgaagegggtgecaccegtateggegettetgea

ggtgtggcaatcgtatceggtgaaaaaccggegaaacctgacaacaccaagtggtaa
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Example 37

SEQ ID NO: 14

- Nucleotide Sequence of DERA 107

atgtctcgetctattgcacaaatgatcgatcacaccectgcetgaaacctaataccaccgaagaccagate
gtgaaactgtgcgaagaggctaaagaatactctttegectecgtatgegtecaacccaacgtgggtegeg
ctggcagegcagcetgetgaaagacgcetectgatgtgaaagtgtgecactgttateggetteccactgggt
gcaaccacgcectgaagtaaaagegtttgaaaccactaacgcaatcgagaacggcgcaacggaggttgat
atggttatcaacatcggtgccctgaaggacaaacagtacgaactggttggtegtgatatecaggetgtt
gtgaaggcagcagaaggcaaagccctgaccaaagtgattatcegaaacctecectgetgaccgaagaagaa
aagaaggcggcttgtgaactggeggtaaaagcaggtgcetgatttegtcaaaacgtetaceggtttetet
ggtggceggtygcaaccgcagaagacattgeectgatgegtaaggttgttggtectaacctgggegttaag
gecageggeggtgtgegtgacctgtetgacgegaaggegatgattgacgegggegegactegtategge

getteegeaggtgttgegategttaatggtgaacgetetgaaggttecacgaaatggacegeagetggt

geggegacgacgtgegettgtacgggeggetaa

Example 38

SEQ ID NO: 15

- Nucleotide Sequence of DERA 108

atgaaactgaacaaatacatcgatcacaccatcctgaaaccggaaacgactcaggaacaggtggagaaa
atcctggcetgaagcgaaagaatacgatttegegtecgtetgegttaacecgacgtgggtagetetggea
gctgaaagectgaaagatagecgacgtcaaagtcetgcactgteateggettecegetgggegetaacact
ccggcagtgaaggegttegaaactaaagacgectattagcaacggegeggatgaaatcgacatggtgatt
aacatcggcegcactgaaaacgggtaactacgatctggttetggaagatattaaggetgtegttgeagea
agcggcgataaactggtaaaggtaatcatcgaagegtgectgetgacegacgatgaaaaggttaaageg
tgccagetgtetcaggaagegggegetgactacgtcaagacgagcactggettetetaceggeggtygeyg
acggtegcagatgttgetetgatgegtaaaactgttggeceggacatgggegtaaaagegtetggeggt

gegegetettacgaagacgetategegtteattgaagetggegeaagecgtattggegecagetetgge

gtggcgatcatgaatggtgegcaggctgatggegacaccaagtggtaa

Example 39

SEQ ID NO: 16
- Amino Acid Sequence of DERAO3
Mtdlkasslralklmdlttlndddtdekvialchgaktpvgntaaiciyprfipiarktlkeqgtpeir
iatvtnfphgnddidialaetraaiaygadevdvvipyralmagnegvgfdlvkackeacaaanvllkv

iietgelkdealirkaseisikagadfiktstgkvavnatpesarimmevirdmgvektvgfkpaggvr

taedagkylaiadelfgadwadarhyrfgassllasllkalghgdgksassy.
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Example 40

SEQ ID NO: 17
- Amino Acid Sequence of DERAO4
Mgniakmidhtllkpeateqqivglcteakqygfaavevnptwvktaarelsgtdvrvetvigfplgattpetkafettnaiengarev
dmvinigalksggdelverdiravveaaagralvkvivetalltdeekvracglavkagadyvktstgfsgggatvedvalmrktvgd

ragvkasggvrdwktaeaminagatrigtssgvaivtggtgrady.

Example 41

SEQ ID NO: 18
- Amino Acid Sequence of DERAO6
Mglasyidhtllkatatladirticeearehsfyavcinpvfipharawlegsdvkvatvegfplgaissegkalearlsaetgadeidm
vihigsalagdwdaveadvravrravpegvlkviietcyltdegkrlatevavqggadfvktstgfgtggatvddvrlmaeviggragl

kaaggvrtpadagamieagatrlgtsggvglvsggengagy.

Example 42

SEQ ID NO: 19
- Amino Acid Sequence of DERAOS
Mgiakmidhtalkpdttkeqiltitkeareygfasvevnptwvklsaeqlagaesvvctvigfplgantpevkafevkdaigngakev
dmvinigalkdkddelverdiravvdaakgkalvkviietclltdeekvraceiavkagtdfvktstgfstggataedialmrktvgpnig

vkasggvrtkedvekmieagatrigasagvaivsgekpakpdny.

Example 43

SEQ ID NO: 20
- Amino Acid Sequence of DERAll
Mtsnglagyidhtaltaeknegdistlcneaiehgfysveinsayiplakeklagsnvkictvvgfplganitsvkafetgesikagane
idmvinvgwiksgkwdevkgdigavinacngtplkviletclltkdeivkaceickeigvafvktstgfnkggatvedvalmkntvgni

gvkasggvrdtetalamikagatrigasagiaiisgtgdtgsty.

Example 44

SEQ ID NO: 21
- Amino Acid Sequence of DERAl2
Mieyrieeavakyrefyefkpvresagiedvksaiehtnlkpfatpddikklclearenrfhgvevnpeyvklareelegtdvkvvtvy

gfplganetrtkaheaifavesgadeidmvinvgmlkakeweyvyedirsvvesvkgkvvkviietcyldteekiaacvisklagah

fvktstgfgtggataedvhlmkwivgdemgvkasggirtfedavkmimygadrigt ssgvkivgggeerygg.
Example 45
SEQ ID NO: 22
- Amino Acid Sequence of DERAlS
Mpsardilqgggldrlgspedlasridstllsprateedvrnlvreasdygfrcavltpvytvkisglaeklgvklesvigfplggaplevkly

eagtvleagateldvvphlslgpeavyrevsgivklaksygavvkvileaplwddktlsllvdssrragadivktstgvytkggdpvtvE

rlaslakplgmgvkasggirsgidavlavgagadiigtssavkvlesfkslv.
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Example 46

SEQ ID NO:
- Amino Acid Sequence of DERA101
maankyemafagfdpaeseerillktdgiirdhysrfdtpetkkflhgvidltslnatdseesitkfte
svndfedtdptipsvaaicvypnfvstvretltaenvkvasvsgcfpasgsfievklaetalaysdgad
eidivlinmgkflsgdyeaaateieeqiaaakgatvkviletgalktpenirratilslfcegahfvktst

gkgypgasleaaytmckvlkqgyyglfgevrgiklsggirttedavkyyclietllgkewltpayfriga

sslvdalrgdimv.

Example 47

SEQ ID NO:
- Amino Acid Sequence of DERA102
melnrmidhtilkpeateaavgkiideakeynffsvecinpewvafaseqgladtdvavetvigfplgant
pevkayeaadaiknganevdmvinigalksggydyvrgdiggvvdaakgkalvkviietalltdeekvk

acelakeagadfvktstgfstggakvadirlmretvgpdmgvkasggvhnaeealamieagatrigast

gvaivsgatgegtkw.

Example 48

SEQ ID NO:
- Amino Acid Sequence of DERA103
mtiesaialapaeravnligsdltekslklhleglsgvdavglewraaglstrsikttskawaldtiik
lidlttlegadtpgkvrslaakamlpdasdvsapgvaavevygdmvpyaaealgsswsngsdnginvaa
vatafpsgrsslpikiadtkeavahgadeidmvidrgaflsgkygvvidgivavkeacrrengtyahlk

viletgelntydnvrraswlailaggdfvktstgkvspaatlpvtllmlevvrdwhvltgekigvkpag

girsskdaikylvtvaetvgeewlgphlfrfgassllndvimgrgklstghysgpdyvtid.

40
Example 49

SEQ ID NO:
- Amino Acid Sequence of DERA104
msstptildpafedvtrseaslrrflhglpgvdgvgaearaaglatrsiktsakefaldlairmvdltt
leggdtpgkvralsakamrpdpsdptcpataavevypdmvgiakgalgtsgvhvaavatafpsgraald
ikladvrdavdagadeidmvidrgaflagryghvydeivavreacrrengegahlkvifetgelgtydn

vrraswlammagahfvktstgkvgpaatlpvtlvmlgavrdfrgatgrmvgvkpaggirtakdaikylv

mvnevagedwldpdwfrfgastllndllmgrtkmktgrysgpdyftld.

Example 50

SEQ ID NO:
- Amino Acid Sequence of DERA105
melitgpscwvisvifrrqygwlvivegawydgrrgtfhldgngrkgflrmtmniakmidhtllkpeat
eqgivglcteakgygfasvevnptwvktaarelsgtdvrvetvigfplgattpetkafettnaiengar

evdmvinigalksggdelverdiravveaaagralvkvivetalltdeekvracqlavkagadyvktst

gfsgggatvedvalmrktvgdragvkasggvrdwktaeaminagatrigtssgvaivtggtgradtkw.

23

24

25

26

27

50
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Example 51

52

SEQ ID NO: 28
- Amino Acid Sequence of DERA106
mtiakmidhtalkpdttkegiltltkeareygfasvevnptwvklsaeglsgaesvvetvigfplgant
pevkafevknaiengakevdmvinigalkdkddelverdiravvdaakgkalvkviietclltdeekvr
aceiavkagtdfvktstgfstggataedialmrktvgpnigvkasggvrtkedvekmieagatrigasa
gvaivsgekpakpdntkw.
Example 52
SEQ ID NO: 29
- Amino Acid Sequence of DERA107
msrsiagmidhtllkpnttedwivklceeakeysfasvevnptwvalaagllkdapdvkvvtvigfplg
attpevkafettnaiengatevdmvinigalkdkwyelvgrdiwavvkaaegkaltkviietsllteee
kkaacelavkagadfvktstgfsgggataedialmrkvvgpnlgvkasggvrdlsdakamidagatrig
asagvaivngersegstkwtaagaattcactgg.
25
Example 53
SEQ ID NO: 30
- Amino Acid Sequence of DERA108
mklnkyidhtilkpettgegvekilaeakeydfasvevnptwvalaaeslkdsdvkvetvigfplgant
pavkafetkdaisngadeidmvinigalktgnydlvledikavvaasgdklvkviieaclltddekvka
cglsgeagadyvktstgfstggatvadvalmrktvgpdmgvkasggarsyedaiafieagasrigassg
vaimngagadgdtkw.
All publications, including but not limited to, issued pat-
ents, patent applications, and journal articles, cited in this
application are each herein incorporated by reference in their
entirety.
Although the invention has been described above with
reference to the disclosed embodiments, those skilled in the
art will readily appreciate that the specific experiments
detailed are only illustrative ofthe invention. Accordingly, the
invention is limited only by the following claims.
SEQUENCE LISTING
<160> NUMBER OF SEQ ID NOS: 30
<210> SEQ ID NO 1
<211> LENGTH: 780
<212> TYPE: DNA
<213> ORGANISM: Escherichia coli
<400> SEQUENCE: 1
atgactgatc tgaaagcaag cagcctgegt gcactgaaat tgatggacct gaccaccctg 60
aatgacgacg acaccgacga gaaagtgatce geectgtgte atcaggccaa aactcceggte 120
ggcaataccg ccgctatctg tatctatcct cgetttatce cgattgeteg caaaactcetg 180
aaagagcagg gcaccccgga aatccgtate gctacggtaa ccaacttece acacggtaac 240
gacgacatcg acatcgeget ggcagaaacce cgtgceggcaa tcgectacgyg tgetgatgaa 300

gttgacgttyg tgttccegta cegegegetyg atggegggta acgagcaggt tggttttgac 360
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-continued

ctggtgaaag cctgtaaaga ggcttgcgeg gcagcgaatg tactgctgaa agtgatcatc 420
gaaaccggceg aactgaaaga cgaagcgctg atccgtaaag cgtctgaaat ctccatcaaa 480
gcgggtgegg acttcatcaa aacctctacc ggtaaagtgg ctgtgaacgc gacgccggaa 540
agcgcgegea tcatgatgga agtgatccgt gatatgggeg tagaaaaaac cgttggttte 600
aaaccggcegg gcggegtgeg tactgcggaa gatgcgcaga aatatctcegce cattgcagat 660
gaactgtteg gtgctgactyg ggcagatgceg cgtcactacce getttggege ttccagectg 720
ctggcaagcc tgctgaaagce gctgggtcac ggcgacggta agagcgccag cagctactaa 780
<210> SEQ ID NO 2
<211> LENGTH: 669
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: random DNA isolated from an environmental

sample
<400> SEQUENCE: 2
atgggtaata tcgcgaaaat gattgatcac accctcttaa aacccgaagc aaccgaacaa 60
caaattgtac aattatgcac ggaagcgaaa caatatggct ttgcagcagt atgcgtaaat 120
ccgacatggg ttaaaaccgc cgcacgtgaa ttaagcggga cagacgttcg tgtgtgtact 180
gtaattggat ttceccttggg cgctacgact ccagaaacta aagcattcga aactactaac 240
gcgattgaaa atggagcacg ggaagtagat atggtaatta atattggtgc attgaaatct 300
ggacaagatg aactggtgga acgtgatatt cgtgccgttg ttgaagctgc agcaggccgce 360
gcgettgtga aagtaattgt agaaacagcc cttcttactg atgaagaaaa agttcgeget 420
tgtcaattag cagtaaaagc gggtgccgat tatgtgaaga cgtcgacagg atttageggt 480
ggtggtgcaa cggtggaaga tgtggcttta atgcggaaaa cggttggtga tcgtgcaggg 540
gtcaaagcaa gcggcggagt acgtgactgg aaaacagcag aagcaatgat taacgcagga 600
gcaacgcgca ttggcacaag ttctggagta gcaatcgtaa caggtggaac cggccgggca 660
gactattaa 669
<210> SEQ ID NO 3
<211> LENGTH: 663
<212> TYPE: DNA
<213> ORGANISM: Deinococcus radiodurans
<400> SEQUENCE: 3
atgggactcg cctcctacat cgaccacacg ctgcttaagg ccaccgccac gctegcecgac 60
atccgecacge tgtgtgagga agcccgcgag cactcegttet acgeggtgtg catcaacccg 120
gtctttatte cccacgecccg cgecctggetce gaaggcageg acgtgaaggt cgccaccgtce 180
tgcggettte ceccteggege catcagctce gagcagaaag ctctggaagce ccgectgagce 240
gccgaaacgg gcgccgacga aatcgatatg gtcatccaca teggctcegge gettgecgge 300
gactgggacg cggtggaagc cgacgtgcgg gcagtgcgece gecgeggtgec cgagcaggtg 360
ctcaaggtga ttatcgaaac ctgctacctg accgacgagc aaaagcgctt ggcgactgag 420
gtcgecegtac agggeggege cgacttegtg aagacgagca caggcttegg caccggegge 480
gccaccgtgg acgacgtgceg cctgatggeg gaagtgatcg ggggccgege cggactcaag 540
gcggegggeg gegtccogeac tcctgccgac gegcaagcca tgatcgagge gggcgegacc 600
cggctgggea cctegggegg cgtgggtctg gtgtegggeg gcegaaaacgg agcecggcetac 660
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-continued
tga 663
<210> SEQ ID NO 4
<211> LENGTH: 672
<212> TYPE: DNA
<213> ORGANISM: Listeria monocytogenes
<400> SEQUENCE: 4
atgggaattg ctaaaatgat cgatcacact gctttaaaac cagacacaac gaaagaacaa 60
attttaacac taacaaaaga agcaagagaa tacggttttg cttccgtatg cgtaaatcca 120
acttgggtaa aactatccgc tgaacaactt gectggagcag aatctgtagt atgtactgtt 180
atcggtttee cactaggagce gaatacccct gaagtaaaag catttgaagt aaaagatgcet 240
atccaaaacg gtgcaaaaga agtggatatg gttattaata tcggcgcact aaaagacaaa 300
gacgacgaac tagtagaacg tgatattcgc getgtagtceg atgctgccaa aggaaaagca 360
ttagtaaaag taattatcga aacttgecta ttaacagacyg aagaaaaagt tcgcgcatgt 420
gaaatcgctyg taaaagcggg aacagacttc gttaaaacat ccactggatt ctccacaggt 480
ggcgcaactyg ccgaagatat cgccttaatg cgtaaaactg taggaccaaa catcggcegta 540
aaagcatctyg gtggggttcg tacgaaagaa gacgtagaaa aaatgatcga agcaggcgca 600
actcgtattyg gcgcaagtge aggtgtegea attgttteeg gcgaaaaacc agccaaacca 660
gataattact aa 672
<210> SEQ ID NO 5
<211> LENGTH: 672
<212> TYPE: DNA
<213> ORGANISM: Haemophilus influenzae
<400> SEQUENCE: 5
atgacatcaa atcaacttgc tcaatatatc gatcacaccyg cacttaccge agaaaaaaat 60
gaacaagata tttcgacact ctgtaatgaa gcgattgaac acggatttta ttctgtatgt 120
atcaattctg cttatattcc actcgctaaa gaaaaacttyg ctggctcaaa tgtaaaaatt 180
tgcaccgtag ttggattcce tttgggggeg aatttaacct cagtcaaage atttgaaacyg 240
caagaatcta ttaaagcggg tgcaaatgaa attgatatgg tgattaatgt aggttggata 300
aaatcgcaaa aatgggatga agtaaaacaa gatattcaag cggtatttaa tgcttgtaat 360
ggcacgccat taaaagtgat tttagaaact tgtttgctca ctaaagatga aatagtgaaa 420
gectgcgaaa tttgtaaaga aatcggtgta gettttgtta aaacatcaac aggcetttaat 480
aaaggtggtyg cgaccgtaga agatgttgca ttgatgaaaa acacggtcgyg caatattggt 540
gttaaagcat caggtggtgt gcgtgatact gaaactgcac ttgcaatgat taaggcgggt 600
gegactegea ttggtgcaag cgctggcatt gegattatta geggtactca agacactcaa 660
agcacttact aa 672
<210> SEQ ID NO 6
<211> LENGTH: 747
<212> TYPE: DNA
<213> ORGANISM: Thermotoga maritima
<400> SEQUENCE: 6
atgatagagt acaggattga ggaggcagta gcgaagtaca gagagttcta cgaattcaag 60
ccegtecagag aaagcegcagg tattgaagat gtgaaaagtyg ctatagagca cacgaatctg 120



57

US 9,079,877 B2

58

-continued
aaaccgtttyg ccacaccaga cgatataaaa aaactctgte ttgaagcaag ggaaaatcgt 180
ttccatggag tctgtgtgaa tccgtgttat gtgaaactgg ctegtgaaga actcgaagga 240
accgatgtga aagtcgtcac cgttgttggt tttccactgg gagcgaacga aactcggacyg 300
aaagcccatg aggcgatttt cgectgttgag agtggagecyg atgagatcga tatggtcate 360
aacgttggca tgctcaaggc aaaggagtgg gagtacgttt acgaggatat aagaagtgtt 420
gtecgaatcgy tgaaaggaaa agttgtgaag gtgatcatcg aaacgtgcta tctggatacy 480
gaagagaaga tagcggcgtg tgtcatttcce aaacttgctg gagctcattt cgtgaagact 540
tccacgggat ttggaacagg aggggcgacce gcagaagacyg ttcatctcat gaaatggate 600
gtgggagatyg agatgggtgt aaaagcttcce ggagggatca gaaccttcga ggacgetgtt 660
aaaatgatca tgtacggtgc tgatagaata ggaacgagtt cgggagttaa gatcgttcag 720
gggggagaag agagatatgg aggttga 747
<210> SEQ ID NO 7
<211> LENGTH: 708
<212> TYPE: DNA
<213> ORGANISM: Aeropyrum pernix
<400> SEQUENCE: 7
atgcegtegyg ccagggatat actgcagcag ggtctagaca ggctagggag ccctgaggac 60
ctegectega ggatagactce tacgctacta agecctaggg ctacggagga ggacgttagg 120
aatcttgtga gagaggcgtc ggactacggg tttagatgeg cggttctgac tccagtgtac 180
acagtaaaga tttctgggct ggctgagaag cttggtgtga agctatgtag cgttatagge 240
ttteceecctgyg gecaggecce getcgaggta aagctagttyg aggcacaaac tgttttagag 300
gectggggeta ctgagettga tgttgtecce catctcetcac taggccccga agetgtttac 360
agggaggtct cagggatagt gaagttggeg aaaagctatg gagccgttgt gaaagtaata 420
ttagaagcge cactctggga tgacaaaacg ctctccectee tggtggacte gtcgaggagg 480
gegggggeygy atatagtgaa gacaagcacce ggggtctata caaagggtgg tgatccagta 540
acggtecttca ggctggecag tcttgccaag ceecttggta tgggtgtaaa ggcaagegge 600
ggtataagga gtggcatcga cgccgtecte gecgtaggag ctggcegegga tatcataggg 660
acaagcagtg ctgtaaaggt tttggagagc ttcaaatccce tagtctaa 708
<210> SEQ ID NO 8
<211> LENGTH: 870
<212> TYPE: DNA
<213> ORGANISM: Porphyromonas gingivalis
<400> SEQUENCE: 8
atggctgcaa acaaatatga aatggccttce gecacagtteg atccagctga aagcgaagaa 60
cgcatectge tgaaaactga ccagatcatt cgtgaccact attcccgttt cgacactcca 120
gaaactaaaa agttcctgca tggegttatce gatctgacgt ctetgaacgce caccgactcet 180
gaggaatcta tcactaaatt caccgaatct gtaaacgatt tcgaagatac cgacccgact 240
atccctageg ttgcggegat ctgcgtttat cegaactttyg tcagcaccegt gegtgaaacce 300
ctgactgceg agaatgtgaa agttgcaage gtcageggtt getteccegge ctceccagage 360
ttcatcgaag tgaaactggc agaaaccgca ctggeggtta gegacggtge ggatgaaatt 420
gacattgtte tgaacatggg taaattcctg tccggtgatt acgaggecge agcecactgag 480
atcgaggaac agatcgctgce ggcgaagggt gegaccgtaa aagttatcct ggagactggt 540
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gctctgaaga cgccggaaaa cattcgccgce gcaaccatce tgtctetgtt ttgtggegec 600
catttcgtta aaacctctac tggcaaaggc tacccgggeg cctctcectgga agcagcttac 660
actatgtgta aagtcctgaa acagtactac ggecctgtteg gtgaagttcyg tggcatcaag 720
ctgagcggeg gtatcegtac caccgaagac gcggttaagt actactgcct gatcgaaacg 780
ctgctgggca aagaatggct gacccecggeg tacttccgea tceggegectce cteotetggtt 840
gatgctctge gccaggatat tatggtttaa 870
<210> SEQ ID NO 9
<211> LENGTH: 669
<212> TYPE: DNA
<213> ORGANISM: Enterococcus faecalis
<400> SEQUENCE: 9
atggaactga accgcatgat tgaccacact attctgaaac cggaagccac cgaggcggct 60
gtgcagaaaa ttatcgatga agctaaagaa tacaacttct tcagecgtctg tatcaacccg 120
tgttgggttg cttttgccte cgagcagctg gctgatactg atgttgeccgt ctgtaccgta 180
atcggtttcec cgetgggege gaacacgceg gaggdttaaag cgtacgaagce agctgacgcec 240
attaaaaacg gtgctaatga ggtggatatg gtgatcaata ttggtgctct gaaatcccaa 300
cagtacgact acgtgcgcca agacatccag ggtgtggttg acgccgcaaa aggtaaagca 360
ctggttaaag ttatcatcga aactgccctg ctgaccgatg aagagaaagt taaggcttgce 420
gaactggcga aagaagcagg cgctgatttc gtgaaaacca gcaccggttt ttccactgge 480
ggtgcaaaag ttgctgacat tcgtctgatg cgcgaaaccg tgggtccegga tatgggegtt 540
aaagcatccg gtggcgtaca caacgcagaa gaagcactgg ccatgatcga agcgggcgca 600
actcgtatceg gegcttccac cggtgtagece atcgtaageg gtgctactgg tgagggtacce 660
aaatggtaa 669
<210> SEQ ID NO 10
<211> LENGTH: 1014
<212> TYPE: DNA
<213> ORGANISM: unknown
<220> FEATURE:
<223> OTHER INFORMATION: marine actinobacterium
<400> SEQUENCE: 10
atgactattg aatccgctat cgecgctggca cctgcagaac gtgctgttaa cctgattggt 60
agcgacctga ccgaaaaatc tctgaaactg cacctggaag gectgtetgg tgtcgacgeg 120
gttggtctgg aacagcgtgce tgcecggtcetg tccacccget ctatcaaaac cacctccaaa 180
gcttgggece tggacaccat catcaaactg atcgatctga ctactctgga gggcgcagat 240
actcecgggea aggttegtte tctggetgeg aaagcaatge tgccggacgce ctetgatgtg 300
tcecgecteege aggtggcage tgtgtgegtt tacggtgata tggtgccata cgcggcggaa 360
gcactgggct cctettggte taatggttct gacaacggca ttaacgttgce tgcggtggeca 420
actgecgttcce catcecggtcg cagctccctg ccaatcaaaa tcegctgacac caaggaagcc 480
gttgcccacyg gtgctgacga aatcgacatg gtaatcgatc gtggtgegtt cctgagegge 540
aaatacggtg ttgtgttcga ccagatcgta gctgtgaaag aagcttgccg ccgcgaaaac 600
ggcacttacg cgcacctgaa agttatcctg gaaaccggcg aactgaacac ctatgacaac 660
gtcegeegtyg cctectgget ggcgatcetg gegggtggtyg actttgtgaa aacctctacc 720
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ggcaaggtta gccecggcecge aaccctgecg gttacgetge tgatgetgga agtegttege 780
gattggcatyg tgctgactgg cgagaaaatc ggtgtgaaac cagccggtygg tatccgetec 840
tccaaagacyg cgattaaata cctggtcacce gtggcggaaa ccgtaggtga agagtggcetg 900
caaccgcace tgtttegett tggcegectece tecctgetga acgacgttet gatgcagegt 960
cagaagctgt ctaccggcca ctactccgge ccagattacg tgaccatcga ctaa 1014
<210> SEQ ID NO 11
<211> LENGTH: 975
<212> TYPE: DNA
<213> ORGANISM: Nocardioides species
<400> SEQUENCE: 11
atgtcttcta ctccaactat tctggatceg gegtttgagg acgttacceyg ttctgaagea 60
tctetgegee gtttectgca cggcectgeeg ggtgtcegate aggtgggege agaggeccgt 120
geegetggte tggcaacceg ttccattaaa acgtccgcaa aagaatttgce actggacctg 180
gecgattegta tggttgacct gaccacgetg gagggccagg atacgcecggg taaggttegt 240
geectgageyg cgaaagcaat gcegtcecggat ccgtctgate caacctgtec tgetactget 300
getgtatgtyg tttacccgga catggttgge atcgcgaaac aggcgcetggg tactagegge 360
gtacacgtag ctgctgtgge tactgettte cecgtcectggece gtgccgetet ggacatcaaa 420
ctggeggacyg ttcegtgatge ggtggacgca ggcgctgacyg aaatcgatat ggttatcgac 480
cgeggtgett ttetggetgg tegttaccaa cacgtatacyg acgaaattgt tgcggtgcege 540
gaagcctgee gecgtgaaaa cggtgaaggce getcacctga aggtaatctt cgagactggt 600
gagctgcaga cctacgacaa cgttegeegt gegagetgge tggcgatgat ggetggtgea 660
cacttecgtta aaacgtccac cggcaaagtce cagccggcag ctaccctgece ggttaccctg 720
gttatgctge aggccgtacg tgactttegt ggcgcaacgg gecgtatggt tggegttaaa 780
cctgetggeg gtatccgtac cgccaaggac gcaatcaaat acctggttat ggtaaacgag 840
gtagcgggeyg aagattgget ggacccggac tggtttegtt ttggtgcatce tactcectgetg 900
aacgacctge tgatgcagcg tacgaagatg aaaaccggec gttacagegyg cccagactac 960
tttaccctgg actaa 975
<210> SEQ ID NO 12
<211> LENGTH: 828
<212> TYPE: DNA
<213> ORGANISM: Geobacillus kaustophilus
<400> SEQUENCE: 12
atggaactga tcactcagcc gtcttgttgg gtatttteeg tettttteeg ccegtcagtac 60
ggctggetygy tttttgtgga aggtgettgg tacgatggte gecgtcaaac tttcecacctg 120
gatggtaacyg gccgcaaagg cttectgege atgactatga atatcgcaaa aatgatcgat 180
cacaccctge tgaaaccgga agcgactgag cagcagatceg tacaactgtyg caccgaagcet 240
aaacagtatg gttttgcttc cgtttgtgtg aaccctacgt gggtgaaaac cgccgcacgce 300
gaactgtctyg gtaccgacgt tcgtgtttgt accgtaattg gettcceget gggegcgact 360
accccagaaa ccaaagegtt cgaaactacc aacgcgateg aaaacggcege tcgtgaagte 420
gacatggtaa tcaacattgg cgctctgaaa tctggtcagg acgaactggt agagcgtgac 480
atccgegeceg tcegtagaage tgcggcagge cgtgcactgg taaaagtaat cgttgaaacce 540
getetgetga ctgatgaaga gaaagttcegt gegtgtcage tggceggttaa agetggtgea 600
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-continued
gattacgtga aaacgagcac tggtttctce ggtggtggeg ctactgtcga agacgtggeg 660
ctgatgcgta aaaccgtagg cgatcgegea ggegttaaag cgageggegyg tgttegtgat 720
tggaagactg ccgaagctat gattaacgca ggcgcgacte gtatcggcac ttctagegge 780
gtggcaattg ttactggcgg caccggtcge gctgacacta aatggtaa 828
<210> SEQ ID NO 13
<211> LENGTH: 678
<212> TYPE: DNA
<213> ORGANISM: Listeria innocua
<400> SEQUENCE: 13
atgactatcg ctaaaatgat tgatcacacg gcgctgaage cagataccac caaagaacaa 60
atcctgacge tgaccaaaga agcacgtgaa tatggcetttg ctagegtcetyg tgtgaatccg 120
acttgggtga aactgtctgc ggaacagetg ageggcegetyg aatctgtggt gtgcaccgte 180
atcggtttte cgctgggege gaatactccg gaagtgaagyg cattcgaagt aaaaaacgct 240
atcgaaaacg gcgcgaagga agtagatatg gttatcaaca ttggtgctcet gaaggataag 300
gacgacgaac tggtggaacg tgatatccgt gecegtegtgg atgctgctaa aggtaaageg 360
ctggtgaaag tcattatcga aacctgectg ctgaccgatyg aagagaaggt ccgtgettge 420
gaaatcgceeyg tgaaagctgg cactgatttce gttaaaactt ctactggett ttctactggt 480
ggcgegactyg cagaagacat cgcactgatg cgtaagactg tcggtccgaa catcggtgta 540
aaagcgtceceg gtggtgttceg tactaaagaa gacgttgaga agatgatcga agcgggtgece 600
acccgtateg gegettetge aggtgtggea atcgtatceg gtgaaaaacce ggcgaaacct 660
gacaacacca agtggtaa 678
<210> SEQ ID NO 14
<211> LENGTH: 723
<212> TYPE: DNA
<213> ORGANISM: Bacillus halodurans
<400> SEQUENCE: 14
atgtctcget ctattgcaca aatgatcgat cacaccctge tgaaacctaa taccaccgaa 60
gaccagatcyg tgaaactgtg cgaagaggct aaagaatact ctttcgectce cgtatgegte 120
aacccaacgt gggtegeget ggcagegcag ctgctgaaag acgctcectga tgtgaaagtg 180
tgcactgtta tcggcttecce actgggtgca accacgcectyg aagtaaaagce gtttgaaacce 240
actaacgcaa tcgagaacgg cgcaacggag gttgatatgg ttatcaacat cggtgccctg 300
aaggacaaac agtacgaact ggttggtcgt gatatccagg ctgttgtgaa ggcagcagaa 360
ggcaaagccee tgaccaaagt gattatcgaa acctcectge tgaccgaaga agaaaagaag 420
geggettgtyg aactggcggt aaaagcaggt getgattteg tcaaaacgtc taccggttte 480
tctggtggeg gtgcaaccge agaagacatt gecctgatge gtaaggttgt tggtectaac 540
ctgggegtta aggccagegg cggtgtgegt gacctgtetyg acgcgaagge gatgattgac 600
gegggegega ctegtatcegg cgcttecgca ggtgttgega tegttaatgg tgaacgetet 660
gaaggttcca cgaaatggac cgcagcetggt geggcgacga cgtgcegettg tacgggegge 720
taa 723

<210> SEQ ID NO 15
<211> LENGTH: 669

<212> TYPE:

DNA
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<213> ORGANISM: Streptococcus suis

<400> SEQUENCE: 15

atgaaactga acaaatacat cgatcacacc atcctgaaac cggaaacgac tcaggaacag 60
gtggagaaaa tcctggctga agcgaaagaa tacgatttceg cgtccegtetg cgttaacceg 120
acgtgggtag ctctggcage tgaaagectg aaagatageg acgtcaaagt ctgcactgte 180
atcggettee cgctgggege taacactcceg gecagtgaagyg cgttcgaaac taaagacgcet 240
attagcaacg gcgcggatga aatcgacatg gtgattaaca tceggcgcact gaaaacgggt 300
aactacgatc tggttctgga agatattaag getgtegttyg cagcaagegyg cgataaactg 360
gtaaaggtaa tcatcgaagc gtgcectgetg accgacgatg aaaaggttaa agegtgccag 420
ctgtectcagg aagegggege tgactacgtce aagacgagea ctggettete taccggeggt 480
gcgacggteg cagatgttge tctgatgegt aaaactgttg geccggacat gggcgtaaaa 540
gegtetggeyg gtgegegete ttacgaagac getatcgegt tcattgaage tggcgcaage 600
cgtattggeg ccagetcetgg cgtggegate atgaatggtyg cgcaggctga tggcgacace 660
aagtggtaa 669

<210> SEQ I
<211> LENGT.
<212> TYPE:

D NO 16
H: 259
PRT

<213> ORGANISM: Escherichia coli

<400> SEQUE:

Met Thr Asp
1

Leu Thr Thr

NCE: 16

Leu Lys Ala Ser Ser

Leu Asn Asp Asp Asp

20

Cys His Gln Ala Lys Thr Pro Val

35

Tyr Pro Arg
50

40

Phe Ile Pro Ile Ala

55

Thr Pro Glu Ile Arg Ile Ala Thr

65

Asp Asp Ile

Gly Ala Asp

Asp Ile Ala Leu Ala

85

Glu Val Asp Val Val

100

Gly Asn Glu Gln Val Gly Phe Asp

115

Cys Ala Ala
130

Leu Lys Asp
145

Ala Gly Ala

Ala Thr Pro

120

Ala Asn Val Leu Leu

135

Glu Ala Leu Ile Arg
150

Asp Phe Ile Lys Thr

165

Glu Ser Ala Arg Ile

180

Gly Val Glu Lys Thr Val Gly Phe

195

Ala Glu Asp
210

Ala Asp Trp

200

Ala Gln Lys Tyr Leu

215

Ala Asp Ala Arg His

Leu

Thr

25

Gly

Arg

Val

Glu

Phe

105

Leu

Lys

Lys

Ser

Met
185
Lys

Ala

Tyr

Arg

Asp

Asn

Lys

Thr

Thr

90

Pro

Val

Val

Ala

Thr

170

Met

Pro

Ile

Arg

Ala

Glu

Thr

Thr

Asn

75

Arg

Tyr

Lys

Ile

Ser

155

Gly

Glu

Ala

Ala

Phe

Leu Lys Leu

Lys Val Ile

30

Ala Ala Ile

45

Met Asp
15

Ala Leu

Cys Ile

Leu Lys Glu Gln Gly

60

Phe Pro His

Ala Ala Ile

Gly Asn
80

Ala Tyr
95

Arg Ala Leu Met Ala

110

Ala Cys Lys

125

Ile Glu Thr

140

Glu Ile Ser

Lys Val Ala

Val Ile Arg

190

Gly Gly Val

205

Glu Ala

Gly Glu

Ile Lys
160

Val Asn
175

Asp Met

Arg Thr

Asp Glu Leu Phe Gly

220

Gly Ala Ser

Ser Leu
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68

225 230 235 240

Leu Ala Ser Leu Leu Lys Ala Leu Gly His Gly Asp Gly Lys Ser Ala
245 250 255

Ser Ser Tyr

<210> SEQ ID NO 17

<211> LENGTH: 222

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: random DNA isolated from an environmental
sample

<400> SEQUENCE: 17

Met Gly Asn Ile Ala Lys Met Ile Asp His Thr Leu Leu Lys Pro Glu
1 5 10 15

Ala Thr Glu Gln Gln Ile Val Gln Leu Cys Thr Glu Ala Lys Gln Tyr
20 25 30

Gly Phe Ala Ala Val Cys Val Asn Pro Thr Trp Val Lys Thr Ala Ala
Arg Glu Leu Ser Gly Thr Asp Val Arg Val Cys Thr Val Ile Gly Phe
50 55 60

Pro Leu Gly Ala Thr Thr Pro Glu Thr Lys Ala Phe Glu Thr Thr Asn
65 70 75 80

Ala Ile Glu Asn Gly Ala Arg Glu Val Asp Met Val Ile Asn Ile Gly
85 90 95

Ala Leu Lys Ser Gly Gln Asp Glu Leu Val Glu Arg Asp Ile Arg Ala
100 105 110

Val Val Glu Ala Ala Ala Gly Arg Ala Leu Val Lys Val Ile Val Glu
115 120 125

Thr Ala Leu Leu Thr Asp Glu Glu Lys Val Arg Ala Cys Gln Leu Ala
130 135 140

Val Lys Ala Gly Ala Asp Tyr Val Lys Thr Ser Thr Gly Phe Ser Gly
145 150 155 160

Gly Gly Ala Thr Val Glu Asp Val Ala Leu Met Arg Lys Thr Val Gly
165 170 175

Asp Arg Ala Gly Val Lys Ala Ser Gly Gly Val Arg Asp Trp Lys Thr
180 185 190

Ala Glu Ala Met Ile Asn Ala Gly Ala Thr Arg Ile Gly Thr Ser Ser
195 200 205

Gly Val Ala Ile Val Thr Gly Gly Thr Gly Arg Ala Asp Tyr
210 215 220

<210> SEQ ID NO 18

<211> LENGTH: 220

<212> TYPE: PRT

<213> ORGANISM: Deinococcus radiodurans

<400> SEQUENCE: 18

Met Gly Leu Ala Ser Tyr Ile Asp His Thr Leu Leu Lys Ala Thr Ala
1 5 10 15

Thr Leu Ala Asp Ile Arg Thr Leu Cys Glu Glu Ala Arg Glu His Ser
20 25 30

Phe Tyr Ala Val Cys Ile Asn Pro Val Phe Ile Pro His Ala Arg Ala
35 40 45

Trp Leu Glu Gly Ser Asp Val Lys Val Ala Thr Val Cys Gly Phe Pro
50 55 60
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70

65

Ala

Ala

Arg

Tyr

Gly

145

Ala

Ala

Ala

Gly

Gly

Glu

Leu

Arg

Leu

130

Gly

Thr

Gly

Met

Leu
210

Ala

Thr

Ala

Ala

115

Thr

Ala

Val

Leu

Ile

195

Val

Ile

Gly

Gly

100

Val

Asp

Asp

Asp

Lys

180

Glu

Ser

Ser Ser

Ala Asp

85

Asp Trp

Pro Glu

Glu Gln

Phe Val

150
Asp Val
165
Ala Ala

Ala Gly

Gly Gly

<210> SEQ ID NO 19

<211> LENGTH:

<212> TYPE:
<213> ORGANISM:

PRT

<400> SEQUENCE:

Met Gly Ile Ala

1

Thr

Phe

Gln

Leu

65

Ile

Leu

Cys

Lys

145

Gly

Asn

Glu

Lys

Ala

Leu

50

Gly

Gln

Lys

Asp

Leu

130

Ala

Ala

Ile

Lys

Ala

Glu

Ser

35

Ala

Ala

Asn

Asp

Ala

115

Leu

Gly

Thr

Gly

Met
195

Ile

Gln

20

Val

Gly

Asn

Gly

Lys

100

Ala

Thr

Thr

Ala

Val

180

Ile

Val

223

Glu

Glu

Asp

Gln

Lys

135

Lys

Arg

Gly

Ala

Glu
215

Gln

Ile

Ala

Val

120

Arg

Thr

Leu

Gly

Thr

200

Asn

Lys

Asp

Val

105

Leu

Leu

Ser

Met

Val

185

Arg

Gly

Ala

Met

90

Glu

Lys

Ala

Thr

Ala

170

Arg

Leu

Ala

Listeria monocytogenes

19

Lys Met

Ile Leu

Cys Val

Ala Glu

Thr Pro

70

Ala Lys
85

Asp Asp

Lys Gly

Asp Glu

Asp Phe
150

Glu Asp
165
Lys Ala

Glu Ala

Ser Gly

Ile

Thr

Asn

Ser

Glu

Glu

Glu

Lys

Glu

135

Val

Ile

Ser

Gly

Glu

Asp

Leu

Pro

40

Val

Val

Val

Leu

Ala

120

Lys

Lys

Ala

Gly

Ala
200

Lys

His

Thr

25

Thr

Val

Lys

Asp

Val

105

Leu

Val

Thr

Leu

Gly
185

Thr

Pro

Thr

10

Lys

Trp

Cys

Ala

Met

90

Glu

Val

Arg

Ser

Met

170

Val

Arg

Ala

Leu

75

Val

Ala

Val

Thr

Gly

155

Glu

Thr

Gly

Gly

Ala

Glu

Val

Thr

Phe

75

Val

Arg

Lys

Ala

Thr

155

Arg

Arg

Ile

Lys

Glu

Ile

Asp

Ile

Glu

140

Phe

Val

Pro

Thr

Tyr
220

Leu

Ala

Lys

Val

60

Glu

Ile

Asp

Val

Cys

140

Gly

Lys

Thr

Gly

Pro

Ala

His

Val

Ile

125

Val

Gly

Ile

Ala

Ser
205

Lys

Arg

Leu

45

Ile

Val

Asn

Ile

Ile

125

Glu

Phe

Thr

Lys

Ala
205

Asp

Arg

Ile

Arg

110

Glu

Ala

Thr

Gly

Asp

190

Gly

Pro

Glu

30

Ser

Gly

Lys

Ile

Arg

110

Ile

Ile

Ser

Val

Glu
190

Ser

Asn

Leu

Gly

95

Ala

Thr

Val

Gly

Gly

175

Ala

Gly

Asp

15

Tyr

Ala

Phe

Asp

Gly

95

Ala

Glu

Ala

Thr

Gly
175
Asp

Ala

Tyr

Ser

80

Ser

Val

Cys

Gln

Gly

160

Arg

Gln

Val

Thr

Gly

Glu

Pro

Ala

80

Ala

Val

Thr

Val

Gly

160

Pro

Val

Gly
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210 215 220

<210> SEQ ID NO 20

<211> LENGTH: 223

<212> TYPE: PRT

<213> ORGANISM: Haemophilus influenzae

<400> SEQUENCE: 20

Met Thr Ser Asn Gln Leu Ala Gln Tyr Ile Asp His Thr Ala Leu Thr
1 5 10 15

Ala Glu Lys Asn Glu Gln Asp Ile Ser Thr Leu Cys Asn Glu Ala Ile
20 25 30

Glu His Gly Phe Tyr Ser Val Cys Ile Asn Ser Ala Tyr Ile Pro Leu
35 40 45

Ala Lys Glu Lys Leu Ala Gly Ser Asn Val Lys Ile Cys Thr Val Val
50 55 60

Gly Phe Pro Leu Gly Ala Asn Leu Thr Ser Val Lys Ala Phe Glu Thr
65 70 75 80

Gln Glu Ser Ile Lys Ala Gly Ala Asn Glu Ile Asp Met Val Ile Asn
85 90 95

Val Gly Trp Ile Lys Ser Gln Lys Trp Asp Glu Val Lys Gln Asp Ile
100 105 110

Gln Ala Val Phe Asn Ala Cys Asn Gly Thr Pro Leu Lys Val Ile Leu
115 120 125

Glu Thr Cys Leu Leu Thr Lys Asp Glu Ile Val Lys Ala Cys Glu Ile
130 135 140

Cys Lys Glu Ile Gly Val Ala Phe Val Lys Thr Ser Thr Gly Phe Asn
145 150 155 160

Lys Gly Gly Ala Thr Val Glu Asp Val Ala Leu Met Lys Asn Thr Val
165 170 175

Gly Asn Ile Gly Val Lys Ala Ser Gly Gly Val Arg Asp Thr Glu Thr
180 185 190

Ala Leu Ala Met Ile Lys Ala Gly Ala Thr Arg Ile Gly Ala Ser Ala
195 200 205

Gly Ile Ala Ile Ile Ser Gly Thr Gln Asp Thr Gln Ser Thr Tyr
210 215 220

<210> SEQ ID NO 21

<211> LENGTH: 248

<212> TYPE: PRT

<213> ORGANISM: Thermotoga maritima

<400> SEQUENCE: 21

Met Ile Glu Tyr Arg Ile Glu Glu Ala Val Ala Lys Tyr Arg Glu Phe
1 5 10 15

Tyr Glu Phe Lys Pro Val Arg Glu Ser Ala Gly Ile Glu Asp Val Lys
20 25 30

Ser Ala Ile Glu His Thr Asn Leu Lys Pro Phe Ala Thr Pro Asp Asp
35 40 45

Ile Lys Lys Leu Cys Leu Glu Ala Arg Glu Asn Arg Phe His Gly Val
50 55 60

Cys Val Asn Pro Cys Tyr Val Lys Leu Ala Arg Glu Glu Leu Glu Gly
65 70 75 80

Thr Asp Val Lys Val Val Thr Val Val Gly Phe Pro Leu Gly Ala Asn
85 90 95

Glu Thr Arg Thr Lys Ala His Glu Ala Ile Phe Ala Val Glu Ser Gly
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Ala

Glu

Lys

145

Glu

Phe

Asp

Ala

Tyr

225

Gly

Asp

Trp

130

Gly

Glu

Val

Val

Ser

210

Gly

Gly

Glu

115

Glu

Lys

Lys

Lys

His

195

Gly

Ala

Glu

100

Ile

Tyr

Val

Ile

Thr

180

Leu

Gly

Asp

Glu

Asp

Val

Val

Ala

165

Ser

Met

Ile

Arg

Arg
245

<210> SEQ ID NO 22

<211> LENGTH:

<212> TYPE:
<213> ORGANISM: Aeropyrum pernix

PRT

<400> SEQUENCE:

Met

1

Ser

Arg

Tyr

Ser

65

Phe

Thr

Ser

Leu

Leu
145
Ala

Gly

Gly

Pro

Pro

Ala

Gly

Gly

Pro

Val

Leu

Ala

130

Trp

Gly

Asp

Met

Leu
210

Ser

Glu

Thr

35

Phe

Leu

Leu

Leu

Gly

115

Lys

Asp

Ala

Pro

Gly
195

Ala

Ala

Asp

20

Glu

Arg

Ala

Gly

Glu

100

Pro

Ser

Asp

Asp

Val
180

Val

Val

235

22

Arg

Leu

Glu

Cys

Glu

Gln

85

Ala

Glu

Tyr

Lys

Ile
165
Thr

Lys

Gly

Met

Tyr

Lys

150

Ala

Thr

Lys

Arg

Ile

230

Tyr

Asp

Ala

Asp

Ala

Lys

70

Ala

Gly

Ala

Gly

Thr

150

Val

Val

Ala

Ala

Val

Glu

135

Val

Cys

Gly

Trp

Thr

215

Gly

Gly

Ile

Ser

Val

Val

55

Leu

Pro

Ala

Val

Ala

135

Leu

Lys

Phe

Ser

Gly
215

Ile

120

Asp

Ile

Val

Phe

Ile

200

Phe

Thr

Gly

Leu

Arg

Arg

40

Leu

Gly

Leu

Thr

Tyr

120

Val

Ser

Thr

Arg

Gly

200

Ala

105

Asn

Ile

Ile

Ile

Gly

185

Val

Glu

Ser

Gln

Ile

25

Asn

Thr

Val

Glu

Glu

105

Arg

Val

Leu

Ser

Leu
185

Gly

Asp

Val

Arg

Glu

Ser

170

Thr

Gly

Asp

Ser

Gln

10

Asp

Leu

Pro

Lys

Val

90

Leu

Glu

Lys

Leu

Thr
170
Ala

Ile

Ile

Gly

Ser

Thr

155

Lys

Gly

Asp

Ala

Gly
235

Gly

Ser

Val

Val

Leu

75

Lys

Asp

Val

Val

Val

155

Gly

Ser

Arg

Ile

Met

Val

140

Cys

Leu

Gly

Glu

Val
220

Leu

Thr

Arg

Tyr

60

Cys

Leu

Val

Ser

Ile

140

Asp

Val

Leu

Ser

Gly
220

Leu

125

Val

Tyr

Ala

Ala

Met

205

Lys

Lys

Asp

Leu

Glu

45

Thr

Ser

Val

Val

Gly

125

Leu

Ser

Tyr

Ala

Gly

205

Thr

110

Lys

Glu

Leu

Gly

Thr

190

Gly

Met

Ile

Arg

Leu

30

Ala

Val

Val

Glu

Pro

110

Ile

Glu

Ser

Thr

Lys
190

Ile

Ser

Ala

Ser

Asp

Ala

175

Ala

Val

Ile

Val

Leu

15

Ser

Ser

Lys

Ile

Ala

95

His

Val

Ala

Arg

Lys

175

Pro

Asp

Ser

Lys

Val

Thr

160

His

Glu

Lys

Met

Gln
240

Gly

Pro

Asp

Ile

Gly

80

Gln

Leu

Lys

Pro

Arg

160

Gly

Leu

Ala

Ala
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Val Lys Val Leu Glu Ser Phe Lys Ser Leu Val

225

<210> SEQ ID NO 23

<211> LENGTH:

<212> TYPE:
<213> ORGANISM: Porphyromonas gingivalis

PRT

<400> SEQUENCE:

Met
1

Glu

Thr
65

Ile

Gly

Thr

Asn

145

Ile

Leu

Ile

Lys

225

Leu

Leu

Arg

<210>
<211>
<212>
<213>

<400>

Ala

Ser

Tyr

Ile

50

Lys

Pro

Arg

Cys

Ala

130

Met

Glu

Glu

Leu

Gly

210

Leu

Ser

Ile

Ile

Ala

Glu

Ser

35

Asp

Phe

Ser

Glu

Phe

115

Leu

Gly

Glu

Thr

Ser

195

Tyr

Lys

Gly

Glu

Gly
275

Asn

Glu

20

Arg

Leu

Thr

Val

Thr

100

Pro

Ala

Lys

Gln

Gly

180

Leu

Pro

Gln

Gly

Thr

260

Ala

PRT

SEQUENCE :

289

23

Lys

Arg

Phe

Thr

Glu

Ala

85

Leu

Ala

Val

Phe

Ile

165

Ala

Phe

Gly

Tyr

Ile

245

Leu

Ser

SEQ ID NO 24
LENGTH:
TYPE:
ORGANISM: Enterococcus faecalis

222

24

230

Tyr

Ile

Asp

Ser

Ser

Ala

Thr

Ser

Ser

Leu

150

Ala

Leu

Cys

Ala

Tyr

230

Arg

Leu

Ser

Glu

Leu

Thr

Leu

55

Val

Ile

Ala

Gln

Asp

135

Ser

Ala

Lys

Gly

Ser

215

Gly

Thr

Gly

Leu

Met

Leu

Pro

40

Asn

Asn

Cys

Glu

Ser

120

Gly

Gly

Ala

Thr

Ala

200

Leu

Leu

Thr

Lys

Val
280

Ala

Lys

25

Glu

Ala

Asp

Val

Asn

105

Phe

Ala

Asp

Lys

Pro

185

His

Glu

Phe

Glu

Glu

265

Asp

235

Phe Ala
10

Thr Asp

Thr Lys

Thr Asp

Phe Glu
75

Tyr Pro
90

Val Lys

Ile Glu

Asp Glu

Tyr Glu
155

Gly Ala
170

Glu Asn

Phe Val

Ala Ala

Gly Glu

235

Asp Ala
250

Trp Leu

Ala Leu

Gln

Gln

Lys

Ser

60

Asp

Asn

Val

Val

Ile

140

Ala

Thr

Ile

Lys

Tyr

220

Val

Val

Thr

Arg

Phe

Ile

Phe

45

Glu

Thr

Phe

Ala

Lys

125

Asp

Ala

Val

Arg

Thr

205

Thr

Arg

Lys

Pro

Gln
285

Asp

Ile

30

Leu

Glu

Asp

Val

Ser

110

Leu

Ile

Ala

Lys

Arg

190

Ser

Met

Gly

Tyr

Ala

270

Asp

Pro

15

Arg

His

Ser

Pro

Ser

95

Val

Ala

Val

Thr

Val

175

Ala

Thr

Cys

Ile

Tyr

255

Tyr

Ile

Ala

Asp

Gly

Ile

Thr

80

Thr

Ser

Glu

Leu

Glu

160

Ile

Thr

Gly

Lys

Lys

240

Cys

Phe

Met

Met Glu Leu Asn Arg Met Ile Asp His Thr Ile Leu Lys Pro Glu Ala

1

5

10

15

Thr Glu Ala Ala Val Gln Lys Ile Ile Asp Glu Ala Lys Glu Tyr Asn
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-continued

78

Phe

Gln

Leu

65

Ile

Leu

Ala

Glu

145

Gly

Asp

Leu

<210>
<211>
<212>
<213>
<220>
<223>

Phe

Leu

50

Gly

Lys

Lys

Asp

Leu

130

Ala

Ala

Met

Ala

Ala
210

Ser

35

Ala

Ala

Asn

Ser

Ala

115

Leu

Gly

Lys

Gly

Met

195

Ile

20

Val

Asp

Asn

Gly

Gln

100

Ala

Thr

Ala

Val

Val

180

Ile

Val

PRT

<400> SEQUENCE:

Met

1

Asn

Glu

Gly

Asp

65

Thr

Ala

Asp

Gly

Ser
145

Thr

Leu

Gly

Leu

50

Thr

Pro

Ser

Met

Ser

130

Gly

Ala

Ile

Ile

Leu

35

Ser

Ile

Gly

Asp

Val
115
Asp

Arg

His

Glu

Gly

20

Ser

Thr

Ile

Lys

Val

100

Pro

Asn

Ser

Gly

Cys

Thr

Thr

Ala

85

Gln

Lys

Asp

Asp

Ala

165

Lys

Glu

Ser

SEQ ID NO 25
LENGTH:
TYPE:
ORGANISM: unknown
FEATURE:
OTHER INFORMATION:

337

25

Ser

5

Ser

Gly

Arg

Lys

Val

85

Ser

Tyr

Gly

Ser

Ala

Ile

Asp

Pro

70

Asn

Tyr

Gly

Glu

Phe

150

Asp

Ala

Ala

Gly

Ala

Asp

Val

Ser

Leu

70

Arg

Ala

Ala

Ile

Leu
150

Asp

Asn

Val

55

Glu

Glu

Asp

Lys

Glu

135

Val

Ile

Ser

Gly

Ala
215

Pro

40

Ala

Val

Val

Tyr

Ala

120

Lys

Lys

Arg

Gly

Ala

200

Thr

marine

Ile

Leu

Asp

Ile

Ile

Ser

Pro

Ala

Asn

135

Pro

Glu

Ala

Thr

Ala

40

Lys

Asp

Leu

Gln

Glu

120

Val

Ile

Ile

25

Cys

Val

Lys

Asp

Val

105

Leu

Val

Thr

Leu

Gly

185

Thr

Gly

Trp

Cys

Ala

Met

90

Arg

Val

Lys

Ser

Met

170

Val

Arg

Glu

Val

Thr

Tyr

75

Val

Gln

Lys

Ala

Thr

155

Arg

His

Ile

Gly

Ala

Val

60

Glu

Ile

Asp

Val

Cys

140

Gly

Glu

Asn

Gly

Thr
220

actinobacterium

Leu

Glu

25

Val

Thr

Leu

Ala

Val

105

Ala

Ala

Lys

Asp

Ala

Lys

Gly

Thr

Thr

Ala

90

Ala

Leu

Ala

Ile

Met

Pro

Ser

Leu

Ser

Thr

75

Lys

Ala

Gly

Val

Ala
155

Val

Ala

Leu

Glu

Lys

60

Leu

Ala

Val

Ser

Ala
140

Asp

Ile

Phe

45

Ile

Ala

Asn

Ile

Ile

125

Glu

Phe

Thr

Ala

Ala

205

Lys

Glu

Lys

Gln

45

Ala

Glu

Met

Cys

Ser

125

Thr

Thr

Asp

30

Ala

Gly

Ala

Ile

Gln

110

Ile

Leu

Ser

Val

Glu

190

Ser

Trp

Arg

Leu

30

Arg

Trp

Gly

Leu

Val

110

Trp

Ala

Lys

Arg

Ser

Phe

Asp

Gly

Gly

Glu

Ala

Thr

Gly

175

Glu

Thr

Ala

His

Ala

Ala

Ala

Pro

95

Tyr

Ser

Phe

Glu

Gly

Glu

Pro

Ala

80

Ala

Val

Thr

Lys

Gly

160

Pro

Ala

Gly

Val

Leu

Ala

Leu

Asp

80

Asp

Gly

Asn

Pro

Ala

160

Ala



79

US 9,079,877 B2

-continued

80

Phe

Lys

Ile

Ser

225

Gly

Glu

Lys

Phe
305

Gln

Asp

<210>
<211>
<212>
<213>

<400>

Leu

Glu

Leu

210

Trp

Lys

Val

Pro

Thr

290

Arg

Lys

Ser

Ala

195

Glu

Leu

Val

Val

Ala

275

Val

Phe

Leu

Gly

180

Cys

Thr

Ala

Ser

Arg

260

Gly

Ala

Gly

Ser

PRT

SEQUENCE :

Met Ser Ser Thr

1

Arg

Asp

Ile

65

Ala

Pro

Lys

Ala

Arg
145

Arg

Ser

Gln

Lys

50

Asp

Leu

Ala

Gln

Phe

130

Asp

Gly

Ala

Lys

Glu

Val

Thr

Leu

Ser

Thr

Ala

115

Pro

Ala

Ala

Val

Val

Ala

20

Gly

Ser

Thr

Ala

Ala

100

Leu

Ser

Val

Phe

Arg
180

Ile

165

Lys

Arg

Gly

Ile

Pro

245

Asp

Gly

Glu

Ala

Thr
325

SEQ ID NO 26
LENGTH:
TYPE :
ORGANISM: Nocardioides species

324

26

Pro

Ser

Ala

Ala

Thr

Lys

85

Ala

Gly

Gly

Asp

Leu

165

Glu

Phe

Tyr

Arg

Glu

Leu

230

Ala

Trp

Ile

Thr

Ser

310

Gly

Thr

Leu

Glu

Lys

Leu

70

Ala

Val

Thr

Arg

Ala

150

Ala

Ala

Glu

Gly

Glu

Leu

215

Ala

Ala

His

Arg

Val

295

Ser

His

Ile

Arg

Ala

Glu

55

Glu

Met

Cys

Ser

Ala

135

Gly

Gly

Cys

Thr

Val

Asn

200

Asn

Gly

Thr

Val

Ser

280

Gly

Leu

Tyr

Leu

Arg

Arg

Phe

Gly

Arg

Val

Gly

120

Ala

Ala

Arg

Arg

Gly

Val

185

Gly

Thr

Gly

Leu

Leu

265

Ser

Glu

Leu

Ser

Asp

Phe

25

Ala

Ala

Gln

Pro

Tyr

105

Val

Leu

Asp

Tyr

Arg

185

Glu

170

Phe

Thr

Tyr

Asp

Pro

250

Thr

Lys

Glu

Asn

Gly
330

Pro

10

Leu

Ala

Leu

Asp

Asp

Pro

His

Asp

Glu

Gln

170

Glu

Leu

Asp

Tyr

Asp

Phe

235

Val

Gly

Asp

Trp

Asp

315

Pro

Ala

His

Gly

Asp

Thr

75

Pro

Asp

Val

Ile

Ile
155
His

Asn

Gln

Gln

Ala

Asn

220

Val

Thr

Glu

Ala

Leu

300

Asp

Phe

Gly

Leu

Leu

60

Pro

Ser

Met

Ala

Lys

140

Asp

Val

Gly

Thr

Ile

His

205

Val

Lys

Leu

Lys

Ile

285

Gln

Leu

Tyr

Glu

Leu

Ala

45

Ala

Gly

Asp

Val

Ala

125

Leu

Met

Tyr

Glu

Tyr

Val

190

Leu

Arg

Thr

Leu

Ile

270

Lys

Pro

Met

Val

Asp

Pro

30

Thr

Ile

Lys

Pro

Gly

110

Val

Ala

Val

Asp

Gly

190

Asp

175

Ala

Lys

Arg

Ser

Met

255

Gly

Tyr

His

Gln

Thr
335

Val

15

Gly

Arg

Arg

Val

Thr

95

Ile

Ala

Asp

Ile

Glu
175

Ala

Asn

Val

Val

Ala

Thr

240

Leu

Val

Leu

Leu

Arg

320

Ile

Thr

Val

Ser

Met

Arg

80

Cys

Ala

Thr

Val

Asp

160

Ile

His

Val
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-continued

82

Arg

Thr
225

Lys

Pro

Met

305

Phe

Arg

210

Ser

Met

Gly

Tyr

Asp

290

Gln

Thr

195

Ala

Thr

Leu

Val

Leu

275

Trp

Arg

Leu

Ser

Gly

Gln

Lys

260

Val

Phe

Thr

Asp

Trp Leu

Lys Val
230

Ala Val

245

Pro Ala

Met Val

Arg Phe

Lys Met
310

<210> SEQ ID NO 27

<211> LENGTH:

<212> TYPE:
<213> ORGANISM: Geobacillus

PRT

<400> SEQUENCE:

Met

1

Arg

Gly

Leu

Lys

65

Lys

Thr

Ile

Thr

Asn

145

Ile

Ile

Gln

Phe

Thr
225

Trp

Glu

Arg

Arg

Arg

50

Pro

Gln

Ala

Gly

Thr

130

Ile

Arg

Val

Leu

Ser

210

Val

Lys

Leu

Gln

Arg

35

Met

Glu

Tyr

Ala

Phe

115

Asn

Gly

Ala

Glu

Ala
195
Gly

Gly

Thr

Ile

Tyr

20

Gln

Thr

Ala

Gly

Arg

100

Pro

Ala

Ala

Val

Thr

180

Val

Gly

Asp

Ala

275

27

Thr Gln

Gly Trp

Thr Phe

Met Asn

Thr Glu

70

Phe Ala
85

Glu Leu

Leu Gly

Ile Glu

Leu Lys

150

Val Glu
165

Ala Leu

Lys Ala

Gly Ala

Arg Ala

230

Glu Ala

Ala

215

Gln

Arg

Gly

Asn

Gly

295

Lys

Pro

Leu

His

Ile

55

Gln

Ser

Ser

Ala

Asn

135

Ser

Ala

Leu

Gly

Thr
215

Gly

Met

200

Met

Pro

Asp

Gly

Glu

280

Ala

Thr

kaustophilus

Ser

Val

Leu

40

Ala

Gln

Val

Gly

Thr

120

Gly

Gly

Ala

Thr

Ala
200
Val

Val

Ile

Met

Ala

Phe

Ile

265

Val

Ser

Gly

Cys

Phe

25

Asp

Lys

Ile

Cys

Thr

105

Thr

Ala

Gln

Ala

Asp

185

Asp

Glu

Lys

Asn

Ala

Ala

Arg

250

Arg

Ala

Thr

Arg

Trp

10

Val

Gly

Met

Val

Val

Asp

Pro

Arg

Asp

Gly

170

Glu

Tyr

Asp

Ala

Ala

Gly

Thr

235

Gly

Thr

Gly

Leu

Tyr
315

Val

Glu

Asn

Ile

Gln

75

Asn

Val

Glu

Glu

Glu

155

Arg

Glu

Val

Val

Ser
235

Gly

Ala

220

Leu

Ala

Ala

Glu

Leu

300

Ser

Phe

Gly

Gly

Asp

60

Leu

Pro

Arg

Thr

Val

140

Leu

Ala

Lys

Lys

Ala
220

Gly

Ala

205
His

Pro

Thr

Lys

Asp

285

Asn

Gly

Ser

Ala

Arg

45

His

Cys

Thr

Val

Lys

125

Asp

Val

Leu

Val

Thr
205
Leu

Gly

Thr

Phe

Val

Gly

Asp

270

Trp

Asp

Pro

Val

Trp

Lys

Thr

Thr

Trp

Cys

110

Ala

Met

Glu

Val

Arg

190

Ser

Met

Val

Arg

Val

Thr

Arg

255

Ala

Leu

Leu

Asp

Phe

15

Tyr

Gly

Leu

Glu

Val

Thr

Phe

Val

Arg

Lys

175

Ala

Thr

Arg

Arg

Ile

Lys

Leu

240

Met

Ile

Asp

Leu

Tyr
320

Phe

Asp

Phe

Leu

Ala

80

Lys

Val

Glu

Ile

Asp

160

Val

Cys

Gly

Lys

Asp

240

Gly
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83

-continued

245 250 255

Thr Ser Ser Gly Val Ala Ile Val Thr Gly Gly Thr Gly Arg Ala Asp
260 265 270

Thr Lys Trp
275

<210> SEQ ID NO 28

<211> LENGTH: 225

<212> TYPE: PRT

<213> ORGANISM: Listeria innocua

<400> SEQUENCE: 28

Met Thr Ile Ala Lys Met Ile Asp His Thr Ala Leu Lys Pro Asp Thr
1 5 10 15

Thr Lys Glu Gln Ile Leu Thr Leu Thr Lys Glu Ala Arg Glu Tyr Gly
20 25 30

Phe Ala Ser Val Cys Val Asn Pro Thr Trp Val Lys Leu Ser Ala Glu
35 40 45

Gln Leu Ser Gly Ala Glu Ser Val Val Cys Thr Val Ile Gly Phe Pro
50 55 60

Leu Gly Ala Asn Thr Pro Glu Val Lys Ala Phe Glu Val Lys Asn Ala
65 70 75 80

Ile Glu Asn Gly Ala Lys Glu Val Asp Met Val Ile Asn Ile Gly Ala
85 90 95

Leu Lys Asp Lys Asp Asp Glu Leu Val Glu Arg Asp Ile Arg Ala Val
100 105 110

Val Asp Ala Ala Lys Gly Lys Ala Leu Val Lys Val Ile Ile Glu Thr
115 120 125

Cys Leu Leu Thr Asp Glu Glu Lys Val Arg Ala Cys Glu Ile Ala Val
130 135 140

Lys Ala Gly Thr Asp Phe Val Lys Thr Ser Thr Gly Phe Ser Thr Gly
145 150 155 160

Gly Ala Thr Ala Glu Asp Ile Ala Leu Met Arg Lys Thr Val Gly Pro
165 170 175

Asn Ile Gly Val Lys Ala Ser Gly Gly Val Arg Thr Lys Glu Asp Val
180 185 190

Glu Lys Met Ile Glu Ala Gly Ala Thr Arg Ile Gly Ala Ser Ala Gly
195 200 205

Val Ala Ile Val Ser Gly Glu Lys Pro Ala Lys Pro Asp Asn Thr Lys
210 215 220

Trp
225

<210> SEQ ID NO 29

<211> LENGTH: 240

<212> TYPE: PRT

<213> ORGANISM: Bacillus halodurans

<400> SEQUENCE: 29

Met Ser Arg Ser Ile Ala Gln Met Ile Asp His Thr Leu Leu Lys Pro
1 5 10 15

Asn Thr Thr Glu Asp Gln Ile Val Lys Leu Cys Glu Glu Ala Lys Glu
20 25 30

Tyr Ser Phe Ala Ser Val Cys Val Asn Pro Thr Trp Val Ala Leu Ala
35 40 45

Ala Gln Leu Leu Lys Asp Ala Pro Asp Val Lys Val Cys Thr Val Ile
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-continued

86

Gly

65

Thr

Ile

Gln

Ile

Leu

145

Ser

Ser

Ser

Lys
225

<210>
<211>
<212>
<213>

<400>

Met

1

Thr

Phe

Ser

Leu

65

Ile

Leu

Leu

50

Phe

Asn

Gly

Ala

Glu

130

Ala

Gly

Gly

Asp

Ala

210

Trp

Lys

Gln

Ala

Leu

50

Gly

Ser

Lys

Ala

Leu
130

Pro

Ala

Ala

Val

115

Thr

Val

Gly

Pro

Ala

195

Gly

Thr

Leu

Glu

Ser

35

Lys

Ala

Asn

Thr

Ala
115

Thr

Leu

Ile

Leu

100

Val

Ser

Lys

Gly

Asn

180

Lys

Val

Ala

PRT

SEQUENCE :

Asn

Gln

20

Val

Asp

Asn

Gly

Gly

100

Ser

Asp

Gly Ala
70

Glu Asn
85

Lys Asp

Lys Ala

Leu Leu

Ala Gly

150

Ala Thr

165

Leu Gly

Ala Met

Ala Ile

Ala Gly
230

SEQ ID NO 30
LENGTH:
TYPE :
ORGANISM: Streptococcus suils

222

30

Lys Tyr

Val Glu

Cys Val

Ser Asp

Thr Pro
70

Ala Asp

85

Asn Tyr

Gly Asp

Asp Glu

55

Thr

Gly

Lys

Ala

Thr

135

Ala

Ala

Val

Ile

Val

215

Ala

Ile

Lys

Asn

Val

55

Ala

Glu

Asp

Lys

Lys
135

Thr

Ala

Gln

Glu

120

Glu

Asp

Glu

Lys

Asp

200

Asn

Ala

Asp

Ile

Pro

40

Lys

Val

Ile

Leu

Leu
120

Val

Pro

Thr

Tyr

105

Gly

Glu

Phe

Asp

Ala

185

Ala

Gly

Thr

His

Leu

25

Thr

Val

Lys

Asp

Val

105

Val

Lys

Glu

Glu

90

Glu

Lys

Glu

Val

Ile

170

Ser

Gly

Glu

Thr

Thr

10

Ala

Trp

Cys

Ala

Met

90

Leu

Lys

Ala

Val

75

Val

Leu

Ala

Lys

Lys

155

Ala

Gly

Ala

Arg

Cys
235

Ile

Glu

Val

Thr

Phe

75

Val

Glu

Val

Cys

60

Lys

Asp

Val

Leu

Lys

140

Thr

Leu

Gly

Thr

Ser

220

Ala

Leu

Ala

Ala

Val

60

Glu

Ile

Asp

Ile

Gln
140

Ala

Met

Gly

Thr

125

Ala

Ser

Met

Val

Arg

205

Glu

Cys

Lys

Lys

Leu

45

Ile

Thr

Asn

Ile

Ile
125

Leu

Phe

Val

Arg

110

Lys

Ala

Thr

Arg

Arg

190

Ile

Gly

Thr

Pro

Glu

30

Ala

Gly

Lys

Ile

Lys

110

Glu

Ser

Glu

Ile

95

Asp

Val

Cys

Gly

Lys

175

Asp

Gly

Ser

Gly

Glu

15

Tyr

Ala

Phe

Asp

Gly

95

Ala

Ala

Gln

Thr

80

Asn

Ile

Ile

Glu

Phe

160

Val

Leu

Ala

Thr

Gly
240

Thr

Asp

Glu

Pro

Ala

80

Ala

Val

Cys

Glu
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88

-continued

Ala

145

Ala

Met

Ala

Ala

Gly

Thr

Gly

Phe

Ile
210

Ala

Val

Val

Ile

195

Met

Asp

Ala

Lys

180

Glu

Asn

Tyr

Asp

165

Ala

Ala

Gly

Val

150

Val

Ser

Gly

Ala

Lys Thr

Ala Leu

Gly Gly

Ala Ser

200

Gln Ala
215

Ser

Met

Ala

185

Arg

Asp

Thr

Arg

170

Arg

Ile

Gly

Gly

155

Lys

Ser

Gly

Asp

Phe

Thr

Tyr

Ala

Thr
220

Ser

Val

Glu

Ser

205

Lys

Thr

Gly

Asp

190

Ser

Trp

Gly Gly
160

Pro Asp
175

Ala Ile

Gly Val

The claimed invention is:

1. 2-[2-(4,6-Dihydroxy-tetrahydro-pyran-2-yl)ethyl]-

isoindole-1,3-dione.
2. A compound according to claim 1, wherein said com- 5

pound is

3. A compound according to claim 1, wherein said com-
pound is

¢}

¢}

4. A compound of the formula

5. A compound of the formula

e

OH

H

HWWDH_

”WWDH_

HWWDH_

25

30

35

40

45

50

55

60

65

6. A compound of the formula

o OH OH O

NMOH

o¥e

7. A compound of the formula

A AN

8. A compound of the formula




89

9. A compound of the formula

10. A compound of the formula

O (6] (€]

N /\J\/'\/U\ o

A

US 9,079,877 B2

10

20

90

11. A compound of the formula

F

12. A crystalline form of 4-fluoro-alpha-[2-methyl-1-oxo-
propyl]-gamma-oxo-N, beta-diphenylbenzenebutanamide
characterized as having powder X-ray diffraction peaks of
about 9.0, 12.7, 20.2, 22.6, and 25.2 degrees two theta.

13. A crystalline form of (2R-trans)-5-(4-fluorophenyl)-2-
(1-methylethyl)-N, 4-diphenyl-1-[2-(tetrahydro-4-hydroxy-
6-0x0-2H-pyran-2-yl)ethyl]-1H-pyrrole-3-carboxamide
characterized as having powder X-ray diffraction peaks of
about 6.3, 12.7, 16.8, 21.1 and 25.5 degrees two theta.

#* #* #* #* #*



